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ABSTRACT 


The author gives a review of the present position of spinach breeding. In succession 
the following sections are treated: Historical data, secondary sex characters, biology 
of the flower, shortening the time required for a generation, breeding methods, inhe- 
ritance of some characters, the testing and selection methods and the breeding 
objectives. 


INTRODUCTION 


At the Institute of Horticultural Plant Breeding, Wageningen, the research on va- 
rieties and breeding of spinach was placed on the programme from the very outset. 
This is understandable since both the growing and the seed production of spinach 
in the Netherlands are important. The supply of spinach for the Dutch auctions is 
on an average 30,000,000 kg annually, and the area for seed production amounts to 
a mean of 2,000 ha per annum. More than half of the 3,000,000 kg of seed is ex- 
ported. 

The results of the investigations on the breeding of spinach have been published 
in detail in a doctor’s thesis (SNEEP, 1). A special article in this journal will be devoted 
to sex inheritance and hybrid varieties. 


SOME HISTORICAL DATA 


Spinach is grown in all seasons of the year in the open; in the autumn, winter and 
early spring it is also grown under glass. As it is grown in many countries, it is not 
surprising that there is a need for a large diversity of varieties. Many of them are 
known in the Netherlands because this country holds an important place in the inter- 
national market of spinach seed. 

Until the beginning of this century, breeders have endeavoured to satisfy the needs 
of spinach growers by means of mass selection. This method is still in vogue today 
because it is simple to carry out and because among breeders it is often feared that 
degeneration by inbreeding will occur when other methods are used. 


J, SNEEP. e 


About 1910 family selection was first introduced into spinach breeding. Directly 
after the first world war A. R. ZWAAN was the first to apply self-pollination in inter- 
sexual plants. About the same time LOREN B. SMITH made the first controlled cross of 
a cultivated variety with a spinach of Asian origin that appeared to be resistant to 
mosaic or blight (Cucumis-virus 1). After the second world war PAUL G. SMITH 
carried out crosses with our varieties to obtain resistance against downy mildew, 
Peronospora spinaciae (MONT.) DE By. 

Although in the thirties attention was paid to the breeding of hybrid varieties in 
Germany, this section of the breeding programme has only in the last years received 
much interest. 


SECONDARY SEX CHARACTERS 


Among breeders and growers male plants generally have a bad reputation. In order 
to ascertain whether male plants in some respects are indeed inferior to females a 
systematical investigation was made on the secondary sex characters. The experi- 
ments showed no correlation between sex and germination energy or sex and reten- 
tion of germination power. 

In the variety Utrecht Winter where the male plants have stems which are leafless in 
their upper parts, a highly significant difference was shown between the total leaf 
production of male and female plants, the latter being more productive. 

In the variety Viking, whose male plants have always completely leafed stems, no 
difference was found in leaf yield. There was also no difference between the weight of 
the first four leaves of male and female plants of the varieties Viking, Utrecht Winter, 
and a strain of Prickly Winter whose male plants correspond in leafiness with Utrecht 
Winter. Neither could any significant difference be shown for the first ten leaves of 
Utrecht Winter and for the first fifteen leaves of Viking. 

Male plants have a slight tendency to bolt earlier than female plants. The stem of 
male plants of which the upper part is leafless, elongates faster than the stems of 
female plants of the same variety. This difference in speed of elongation is small or 
non-existent in varieties whose male plants have leaves to the top of the mature stems 
(Fig. 1). Male and female flowers begin to flower about the same time. Male plants 
die sooner than females. 

No correlation could be established between winterhardiness and sex. There was 
no substantial difference between the form of leaves of male and female plants. Ac- 
cording to YAMASAKI male plants are able to withstand KCIO; better than females. 
In the Japanese literature some differences have been reported concerning the vita- 
mine content of male and female plants. An investigation of these differences under 
Dutch conditions is desirable. 

It follows that when choosing the right variety, male plants need not present diffi- 
culties in growing spinach. 


BIOLOGY OF THE FLOWER AND SHORTENING THE TIME REQUIRED FOR A GENERATION 


Besides male and female flowers spinach plants may also have bisexual flowers. In 
the latter two main types can be distinguished, viz. those with a divided perianth and 
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“those with an undivided perianth (Fig. 2, 3,4, 5). Based on the different types of 
flowers they bear, plants have been classified into 21 groups which again have been 
rearranged into 10 main groups. 

In breeding work isolation by distance generally gives the best results. When plants 
are isolated in a greenhouse they must usually be pollinated artificially. Long days 
and a temperature of approximately 20°C are the most important factors for a short 
life cycle. Vernalization can somewhat accelerate flowering but is of no advantage 
owing to the loss of time for the treatment. The use of incompletely ripened seed 
sown directly after harvesting, can save some time in raising the following gene- 
ration. 


Fig. 2. MALE FLOWER. AT LEFT: THE ANTHERS OF THE UPPER AND LOWER STAMEN ARE STILL PARTIALL Y 
COVERED WITH A LOBE OF THE PERIANTH. THE LEFT-HAND AND NOTABLY THE RIGHT-HAND 
ANTHERS ARE ALREADY SWELLING. ÍN THE CENTRE: ONE ANTHER HAS ALREADY SHED ITS POLLEN. 
AT RIGHT: THE PERIANTH WITH THE FILAMENTS, OF WHICH THE UPPER PART WITE THE ANTHERS 
HAVE BEEN REMOVED 


FIG. 3. RIPENING PSEUDOCARP IN A ROUND-SEEDED VARIETY 
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FIG. 4. FLOWER OF TYPE II. AT LEFT: BEFORE THE STRETCHING OF THE FILAMENTS. AT RIGHT: RIPENING 
FRUIT. THE FILAMENTS ARE STILL VISIBLE. THE PARTED PERIANTH HAS NOT GROWN AROUND 
THE FRUIT 


FIG. 5. FLOWER OF TYPE IV WITH 4 STIGMAS AND A STAMEN OF WHICH THE ANTHER PROTRUDES FROM 
THE PERIANTH 


BREEDING METHODS 


Vegetative propagation of spinach is not yet possible on a practical scale. Only 
few data are available about the storage of pollen. Mass selection is still largely ap- 
plied and it is generally used in the maintenance of commercial varieties. It has been 
proved, however, that continuous family selection is useful for the development of 
new varieties. 

In pair crosses no signs of incompatibility were observed. They can be applied 
with advantage in clearly dioecious populations, e.g. as continuous sister-brother 
crosses for increasing homozygosity. They can also serve to analyze the genetical con- 
stitution when many female plants are crossed with one male, which is easy to carry 


out. 
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Pair crosses are not attractive to be used in breeding work with populations in 
which the female plants tend to be intersexual. No self-incompatibility was found 
„with self-pollination. Inbred lines Ic and I, showed a high degree of homogeneity 
and only a low degree of inbreeding. Few exact data exist on the horticultural value of 
polyploid spinach. 


INHERITANCE OF SOME CHARACTERS 


Prickly seed (with prickles on the pseudocarp) depends on one dominant factor. 
The F, of a cross between a variety with smooth leaves and one with savoy leaves is 
intermediate. In the F, about one quarter of the plants have smooth leaves and 
roughly one third have clearly savoy leaves. Between these two extremes all types 
occur. 

A cross between a variety with light green leaves and one with dark green leaves 
gave in one case an intermediate and in another a light green F,. In the first case the 
greater number of the plants in the F, were intermediate as far as the leaf colour was 
concerned, while in a second case the light green leaf colour was more prominent. 
The possibility is suggested that a particular leaf colour does not depend on the 
same factors for all varieties. 

The F, of a short petioled variety crossed with a long petioled variety had long 
petioles. The F, segregated into plants with short petioles, many plants with inter- 
mediate petioles, and plants with long petioles. The F, of the cross Viroflay Xx Presto 
had the rather erect petiole that is so typical of the Bloomsdale group, to which 
Presto belongs. In the F, about half the plants had the same erect petioles. Only a 
few had petioles resembling those of Viroflay; the rest had intermediate petioles. 

The crosses made to study the genetics of early and late bolting did not give the 
results expected, owing to fluctuations in temperature. What did appear was that in 
breeding a late bolting variety from a cross between early bolting and late bolting 
plants, a large F, should be available. 

The F,‚ of the cross “very slightly winterhardy” by “very winterhardy’’ was winter- 
hardy. 

Resistance against Peronospora spinaciae (MONT.) DE By depends on one dominant 
factor. This is also the case with resistance against mosaic (Cucumis-virus 1), al- 
though here the complication arises that the resistance factor has no effect with high 
temperatures. Crosses of varieties that grow very slowly in short days with varieties 
which grow rapidly under these conditions gave rather slow growing F‚’s. The F, of 
Loreley (— Darkie) (very slow growing) Xx Cavallius Prickly-seeded (very fast 
growing) showed a strong tendency towards the slow growing side. 


SOME TESTING AND SELECTION METHODS 


With the help of data known about the environmental requirements of Peronospora 
spinaciae (MONT.) pr BY a simple method has been worked out to test young spinach 
plants for resistance against downy mildew, using sheets of polyethylene. Inoculation 
of plants in the cotyledon stage with Cucumis-virus 1 to test for resistance against 
mosaic is not recommended, because the gain in time is outweighed by the danger 
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that a number of plants escape infection. In order to test plants for winterhardiness 
under natural conditions sowing can be best carried out about the 18th of September 
or a few days later, if the incidence of mosaic is feared. If a high percentage of the 
plants survive the winter, this still does not mean that the leaves do not suffer from 
frost. It is important that the overwintered plants begin to grow again early in the 
spring. 

If there is no fear for mosaic‘attack and seed production is not necessary, a sowing 
date about July 21st can result in very great differences in the tendency to bolting. If 
the two above mentioned conditions must be taken into account, plants should be 
sown about the middle of October under glass to obtain large differences in bolting. 

Since profits in horticulture are often dependent on earliness of the product, it is 
recommended to carry out the yield experiments with varieties and families with at 
least three harvesting dates. The maximum useful yield for Dutch conditions is the 
weight of the leaves at the moment the elongating stem begins to appear. This yield, 
or the yielding capacity, is of great importance for varieties that are used for growing 
in late spring and in summer. The accuracy of the trained observer is sufficient to 
determine in comparative experiments the order in yield of varieties, families or 
lines. 


BREEDING OBJECTIVES 


The most important tasks which the breeder is confronted with at the moment and 
which may be considered practicable with our present knowledge and the gene stock 
available are: 


„ The introduction of resistance against downy mildew into all varieties. 

„ Expansion of the number of varieties that have resistance against mosaic. 

. The substitution of prickly seeded varieties for round seeded ones. 

„ The breeding of varieties that can be harvested in unheated glasshouses and. Dutch 
light structures in December and February and which are sufficiently winterhardy 
for this cultivation. 

5. The breeding of a variety that by sowing in the open in January or February can 

be harvested in the first half of April. 


SWN == 


In connection with the need in the southern part of the United States, the search 
for resistance against white rust (Albugo occidentalis WiLson) should remain a point 
on the work programme of the research institutes. 

However the research in the field of hybrid varieties must be considered at present 
to be the most important task of these institutions. If these varieties are to have a 
future then it will be necessary, within the boundaries of economic possibilities, to 
breed female varieties that can be used as mother plants for the production of hybrid 
seed. Therefore particular attention should be paid to this point of research. The sub- 
ject will be treated in a following article. 
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SAMENVATTING 


De stand van de veredeling bij spinazie 


Schrijver geeft een overzicht van de huidige stand van de veredeling bij spinazie. 
Achtereenvolgens zijn de volgende onderwerpen behandeld: Enige punten uit de ge- 
schiedenis van de spinazieveredeling, secundaire geslachtskenmerken, bloembiologie, 
verkorting van de generatieduur, veredelingsmethoden, overerving van enige eigen- 
schappen, methoden van toetsen en selecteren, kweekdoelen. 
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ABSTRACT 


In the Dutch List of Varieties of 25 years ago many varieties occurred which are 
no longer grown now. By a change-over from the use of line-selection in local varieties 
to the application of artificial crossing, much progress was made in self-fertilizing 
plants (wheat, barley, oats, flax, etc.). 

Great improvements were also attained in the field of grasses. Many new grass 
strains from Dutch breeders now figure in the List. 

By paying more attention to disease resistance a number of resistant varieties have 
been obtained and important vistas have been opened. Increasingly and on a much 
larger scale than 25 years ago, use is made of the gene stock of other countries. 

In sugar beet, polyploid varieties have come to the fore, while everywhere attempts 
are being made to raise tetraploid fodder beets. In other crops also the prospects of 
polyploid varieties are encouraging. 

In the last 25 years many breeding establishments have been modernized. Many 
have glasshouses and use them to good advantage in their breeding work. 

The establishment of the Foundation for Agricultural Plant Breeding (S.V.P.) 
rendered it possible to pay more attention to extension while private breeders are 
provided with good parent plants and selected hybrid populations. 

The Plant Breeder's Decree became a protection of the breeder’s property. As a 
result the number of breeders increased considerably in the last 25 years, especially 
those in the field of potato breeding. 


INTRODUCTION 


Research in plant breeding and the creation of new varieties have developed greatly 
during the last 25 years. In the following report a survey is given of the various 
aspects involved and of all that has been achieved through organization and cooper- 
ation. 

For convenience the following divisions have been made: 


„ Changes in the composition of the assortment; successes A disappointments. 

„ New methods used in breeding work. 

„ Modern equipment. 

„ Advice and material support to breeders. 

„ Other measures for promoting breeding work. 

1) Adapted from an article in Dutch, published in the Memorial volume „Tussen ras en gewas” 
(Amidst crops and varieties) of the N.A.K. (3). 
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1. CHANGES IN THE COMPOSITION OF THE ASSORTMENT; SUCCESSES AND DISAPPOINT- 
MENTS 


On comparing the Dutch List of Varieties of 1932 and that of 1957 some interesting 
features are conspicuous. Many varieties which at the time were thought to have 
reached a ceiling, have disappeared. Names like Wilhelmina wheat, Goudgerst (Gold 
barley) and Thorbecke potato are only familiar to the older generation. On the other 
hand there are other varieties which have managed to maintain an important place; 
Eersteling, Eigenheimer and Bintje are typical examples. Petkus winter rye has held 
its ground for all these years although it should be borne in mind that in cross- 
fertilizing plants a given name is no guarantee that the variety has remained the same. 

It is remarkable that some varieties which for years had been leading ones were 
discarded in a very short time. Juliana winter wheat, Vindicat winter barley and Con- 
current flax bear eloquent evidence of this process. On the other hand there are 
examples to show that new varieties have conquered a leading place by storm. In 
this connection the varieties Marne oats, Voran potato, Wiera flax and Peko spring 
wheat can be mentioned. 

The variegated and ever changing pattern of varieties also claims particular quali- 
ties of the inspection services. Not only should they be well acquainted with the 
characteristic features of a variety, but they have to pay attention also to some partic- 
ular weaknesses as regards purity or diseases. 


By 1932 several local varieties were in use in the Netherlands. These have gradually 
been superseded by commercial varieties which have been obtained in a rather 
simple way, viz. by line selection from the ancient land races. The five flax varieties 
listed in 1932 were all selected from the Russian blue-flowering or the Friesian white- 
flowering flax; the three winter barley varieties were derived from Groningen winter 
barley. In the case of oats we see varieties coming to the fore which were obtained 
from crosses. In wheat which enjoyed great interest from breeders for years, varieties 
were obtained from hybrid populations. This process can also be observed in the 
case of barley, oats, flax and other crops. 

From this we can conclude that the local varieties offered insufficient chances for 
the improvement of the material available and that breeders had to resort to the 
more complicated and longer way of crossing. It is to be expected that this develop- 
ment which has been so manifest in some self-pollinators (wheat, barley, oats, flax) 
will also take place in other crops. 


This course of events has had its consequences on the inspection of crops in the 
Netherlands. The varieties which had been obtained by line selection from the old 
local varieties of self-fertilizers, in general, were uniform. The maintenance of varietal 
purity did not present many difficulties to the breeder and very high standards could 
be set for inspection. However, the new varieties which had been obtained by crossing 
often left much to be desired in this respect. This may be due partly to the fact that 
a variety has not yet segregated entirely and partly to the fact that on the premises 
of a modern breeding establishment many varieties and hybrid populations are 
grown, thus increasing the chances of admixture and undesired spontaneous cross 
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pollination. A breeder has to grow his promising lines side by side for comparison 
and he is happy when one out of many manages to be included in the List. It is not 
possible to build up all his numbers again as it would take too much time and space 
and only one or perhaps none will be maintained. It would seem that the new prescrip- 
tions of the N.A.K. to indulge in elastic standards as concerns varietal purity, the 
first years after introduction of a new variety, is to be highly appreciated. The farmer 
can now try the variety on a large scale while the breeder has an opportunity to bestow 
every possible care to the variety in order to improve its varietal purity. Besides, the 
breeder who has worked on a variety for 10 or more years will welcome the pecuniary 


profits. In some crops changes take place so rapidly that some haste on the breeder’s 
side is quite obvious. 


Particular attention should be paid to grasses and clovers; these crops had been 
treated in a stepmotherly way by the Dutch breeders. They should not be reproached 
for this, however, for a quarter of a century ago the prospects in this field were not 
very promising. This is clear from the introduction of the chapter on grasses in the 
Dutch List of Varieties of 1932. After mentioning Denmark, where in spite of the 
more expensive seed, selected varieties are used on a large scale, Prof. BROEKEMA, 
the writer, continues: “In our country we are not nearly so far and we shall never 
reach that stage so long as on purchase of seed no source is mentioned or asked for, 
and so long as apart from the price at most attention is paid to germination power 
and botanical purity”’. 

In the descriptions of the various grasses we find statements of the following 
tendency: “the firm X imports and increases original seed of Svalöf’s Gloria Timothy; 
the firm Y increases seed of indigenous material collected in the wild state; the firm Z 
sometimes disposes of indigenous seed collected on permanent pastures; the firm Q 
is prepared to offer German seed of known origin, but they do not recommend it as a 
meadow grass”. This brief survey clearly illustrates the status of a quarter of a century 
ago. However, there are various statements indicating that several breeders had 
started selection. 

Thanks to further research and better advice, thanks to a better control of provenance 
and quality, good prospects were opened for Dutch breeders to start work and to 
continue it with a likelihood of success. The List of Varieties 1957 in which numerous 
varieties of Dutch breeders have been included, proves clearly that much progress has 
been made in grasses and clovers. The sale of the different strains or mixtures under 
the control of, and under seal and certificate of the N.A.K., has become very important 
also for the breeders of new grasses. And I need not emphasize the advantages of 
having home-bred strains, also for export. 


The same pleasant feature can be established in other crops. Whereas formerly only 
three foreign maize varieties were known, we now see them replaced by Dutch varieties. 
In bitter lupins and fodder lupins it is home-bred varieties which now compete for a 
place in the first ranks. In this connection it should be noted also that fodder lupin is 
an entirely new crop. 

In the case of rye a new Dutch variety has gained ground on the established foreign 
variety Petkus which had been considered unapproachable. 


1 


J.C. DORST 


Summarizing it can be said that in all crops many new Dutch varieties with more 
or less success have conquered a place in the Netherlands and also abroad. 


However, after all this optimism, other facts should also be given. In spite of many 
and extensive efforts attempts have failed so far to replace the well-known potato varie- 
ties Eersteling, Eigenheimer and Bintje. These varieties are susceptible to wart disease 
and moreover they may be severely damaged by Phytophthora. Against these demerits 
there are merits of such a nature that they are still preferred to new seedlings which 
were offered as good substitutes by enthusiastic breeders. 

For many years the haricot beans Ceka and Beka have figured in the Dutch List 
of Varieties. At first the Ceka bean and now Beka has taken a prominent place. 


Furthermore it should not be overlooked that an important part of the arable land 
in the Netherlands is covered by foreign varieties. The opinion has always prevailed 
that farmers should have at their disposal the best varieties, no matter whether they 
are of foreign or of Dutch origin. 1 don’t think there are many countries where foreign 
varieties are so easily adopted. However, for the Dutch breeder this means that they 
have to join issue with foreign competitors who through financial help of their 
Government or through other measures are often in a position of carrying out their 
work under more favourable conditions. 

Of late years Dutch breeders have invested large sums in their equipment. However, 
since plant breeding is a work involving many years it is the future alone that can tell 
us whether this spirit of enterprise will be rewarded with the creation of better 
varieties and also whether the work will pay in the end. Predictions in the unreliable 
field of plant breeding are dangerous, although a degree of optimism seems justifiable. 


2. NEW METHODS USED IN BREEDING WORK 


When plant breeding today is compared with that of 25 years ago it is apparent 
that things have changed in many respects. 1 have already drawn attention to the fact 
that since 1932 breeders have more and more replaced line selection from local 
varieties by crossing two varieties and selecting from hybrid populations. Thus they 
attempted to create new gene-combinations in the hope that among them would be 
better ones than those occurring in the established varieties. For this crossing work 
they mostly used commercial varieties and in the descendants of many of these 
crosses we find parent plants which had been introduced as a new and promising 
variety a short time before. 

In the case of potatoes this was rightly called “hit or miss’ crossing since in the 
choice of parent plants only the susceptibility to wart disease was accounted for. 
Later a new element was introduced by paying more attention to resistance against 
unfavourable circumstances. 

As an example [ may mention here the breeding for resistance to potato sickness 
(Heterodera rostochiensis). All our commercial varieties and all the other forms 
belonging to the ordinary potato (Solanum tuberosum) are attacked by this parasite. 
When this occurs numerous cysts are formed on the roots of the plants and frequent 
potato crops can effect a great increase of eelworms in a few years. After laborious 
efforts some plants were found in the South American species Sol. andigenum which 
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are also attacked, it is true, but which produce none or only very few cysts. Therefore 
the eelworms cannot multiply or only to a slight extent. It has also been found that 
among the resistant plants there are degrees of resistance. The Sol. andigenum forms 
are very similar to our tuberosum varieties. They are cultivated by the indigenous 
population of South America. The species possesses a good crossability with our potato 
varieties and with other types obtained by crossing Sol. demissum and Sol. tuberosum. 
Sol. demissum comes from Mexico. In this species forms are found which are resistant 
to one or more physiologic races of Phytophthora. 

When all precursory symptoms are not deceptive we will have, within some years, 
the disposal of potato varieties combining a good cultural value with resistance to 
potato sickness, resistance in the sense that none or only a few cysts are formed. 
There are also varieties being moulded with demissum “blood” which so far have 
excelled in showing little damage from Phytophthora, while at the same time they 
have a very high dry matter content. 

The next step will be to combine resistance to potato sickness and Phytophthora, 
maintaining the good qualities of our commercial potato varieties, if possible even 
improving them. For there is a likelihood of enlarging the production considerably 
by the introduction of “wild blood”, not considering the fact that increase in production 
should be considered a result of the reduced damage by Phytophthora or of a better 
production capacity. 

From a breeder’s point of view it is very interesting that two separate qualities, viz. 
resistance to potato sickness and resistance to Phytophthora, which do not occur in 
our commercial varieties, could be introduced from two different countries of the New 
World. The breeding for resistance to potato sickness is based on one andigenum 
clone. Since experience has shown that our opponents, the parasites, can also arm 
themselves, it is of the utmost importance that the collection of parent stock be 
extended and closely examined. 

On a tour to Peru and Bolivia in the spring of 1955 Dr Toxopeus collected new 
material, mainly of Sol. andigenum (9). Hundreds of these imported forms and also 
of material previously received have been investigated. In four of them no cysts were 
found in the first test. 

Resistance has been also found in Sol. macolae and Sol. famatinae. So far attempts 
to cross these species with our commercial varieties have failed. The doubling of the 
chromosome number is now being tried by colchicine treatment, in the hope that then 
the crossing will succeed. Furthermore a search is made for new genes regulating 
other favourable properties. 

As an example of a successful breeding for resistance the raising of some new pea 
varieties with resistance to foot rot can be mentioned; also rye with resistance against 
eelworms, flax with resistance against scorch and rust and barley with mildew 
resistance. 

For measuring cold resistance nowadays refrigerators are used which render it 
possible to screen in hybrid populations genotypes of wheat and barley that are 
sensitive or resistant to frost. This method has also proved its usefulness in the 
breeding for cold resistance in grasses and clovers. 

It would be going too far to quote more examples. 1 would only like to point to the 
fact that in breeding for resistance it is often necessary to use foreign plant material: 
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in the case of lupins, plants from Palestine, Portugal and Spain were introduced; of 
flax material from America, Australia, Russia and Argentina; for cereals resistant 
parent plants from America, Canada and Germany and, as was already mentioned, 
for potatoes material from different parts of the New World. In the near future 
drought and heat resistance will be included in the programme, with a view also to 
the importance of exportation. 

In all this work often use has to be made of very primitive forms, forms which are 
quite different from our commercial varieties, forms which apart from one or more 
favourable properties contain many unfavourable ones. In such cases it is mostly not 
sufficient to make one crossing. In many cases the first generation is crossed again 
with the cultural variety and if need be this procedure is repeated a few times. This 
method of repeated back-crossing is also being used successfully to eliminate a defect 
in a generally cultivated variety. 


Of late years attention has been drawn increasingly to polyploid sugar beet varieties. 
Four polyploid sugar beet varieties figure in the List of Varieties 1957. These varieties 
have been obtained by crossing normal (diploid) families with tetraploid families. In 
a tetraploid each pair of chromosomes has been duplicated, resulting in the production 
of four (tetra) equavalent chromosomes. When a tetraploid is crossed with a diploid, 
a triploid is obtained which in general shows a good development. In a mixed culture 
of stecklings of tetraploids and diploids the seed will consist of diploids, triploids 
and tetraploids. This seed is introduced into the trade under the name of polyploid 
seed. 

Several breeders are also trying to improve fodder beet in this way. With the 
favourable results of sugar beets in view, considerable improvement may be expected 
also in this crop. It should not be overlooked, however, that this breeding method is 
fairly new so that not all possibilities are exhausted as yet. 

A new element in this breeding programme, viz. male sterility is also being intro- 
duced. By growing a male sterile tetraploid by the side of a normal diploid, one can 
be sure to harvest purely triploid seed from the tetraploids. Of course there are still 
many difficulties to overcome. 

The procedure for sugar and fodder beet which is simple in principle but very 
complicated in practice cannot be used for all cross-fertilizers. In rye a crossing 
between tetraploid and diploid gives no result. The young embryo dies after fer- 
tilization so that no kernel is produced. This is the reason also why tetraploid rye 
should not be grown in the vicinity of ordinary diploid rye. In some countries (in 
the Netherlands also) a tetraploid rye variety has been obtained which yields about 
the same as ordinary rye. However, the difficulties mentioned before are such that 
only further improvement of the tetraploid rye will lead to use in practice. 

There are also tetraploid grasses and clovers, but experience on the use of them is 
too scarce to venture prophesies. 


The great success of the hybrid maize has induced many breeders to investigate in 
other cross-fertilizers also whether through the combination of varieties, families or 
inbred lines, use can be made of the favourable effect which often occurs after inter- 
crossing of divergent, unrelated material. This heterosis effect is not restricted to 
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plants: it will be known that the same procedure is used also in the breeding of 
poultry. 


In this age of atomic science it has been investigated to what extent radio-active 
material can induce hereditary changes. It has been proved that artificial mutation can 
be induced by irradiation. Many of these mutations are worthless for practical 
purposes but a few were found which may be of use; among other things forms with 
better straw stiffness, resistance to diseases, etc. Other aberrations remind us of bud 
mutation. 

Opinions still differ as to whether it is possible to produce valuable properties by 
means of artificial mutation, properties which could not be attained in another way 
or, if so, only with great difficulty. There is no doubt that here a wide and unexploited 
field is waiting for development. 


3. MODERN EQUIPMENT 


Those who 25 years ago used to visit Dutch breeding establishments regularly 
will remember that, apart from a few exceptions, they were fairly simple farms. Only 
few crosses were made, the trial fields were not complicated and, when some establish- 
ments are left out of consideration, they were often not very different from an 
ordinary farm. Most potato breeders worked with cold frames, some sowed in the 
open. Infection with diseases was left to nature. Frost resistance of winter cereals was 
assessed when a severe winter offered an opportunity and mathematical treatment of 
the results came down to the comparison of yields of trial fields laid out without 
replications. However, these breeders were good observers and they watched their 
new accessions with keen farmer’s eyes. 1 believe that they have asked themselves 
again and again “Would 1, as a farmer, be willing to grow that number on a large 
scale?” This question involved numerous demands and for its answering the merits 
and demerits were carefully balanced against one other. These breeders certainly did 
not possess the mentality of some specialists who can see their work no longer in its 
true proportion and as part of the whole. 


On many modern Dutch breeding establishments use is made of glasshouses. They 
are different in structure and also serve different purposes. Some have a simple 
heating outfit to keep them free from frost in early spring, others are equipped with 
complicated apparatuses to regulate temperature, moisture and light to use them to 
advantage also during the winter months. Glasshouses or departments of glasshouses 
are used which can be closed hermetically. Outside air can be introduced after passing 
through fine filters in order to prevent the invasion of insects, germs of diseases and 
undesired pollen. For artificial inoculation of plants with various diseases, glass- 
houses have been constructed in which the temperature can be regulated. The diseases 
are maintained at low temperatures or the germs kept alive on growing plants during 
winter. For the experiments with virus diseases there is a nursery to raise and increase 
aphids as vectors of various virus diseases. In the experiments they are permitted to 
carry only one given virus. 

With the aid of glasshouses two or more harvests per year can be obtained of many 
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annual plants and biennial plants are made annual. This saves a lot of time. The crossing 
work itself is increasingly done in glasshouses to evade the bad chances of unfavourable 
weather. At many breeding farms potato seedlings are raised in glasshouses from which 
so-called glasshouse-clones. (i.e. one tuber derived from every separate glasshouse- 
seedling) can be obtained twice a year (THIN, 8). Thus it is possible to prevent the 
incidence of virus diseases better than with the old method through which much 
damage was caused in the second year seedlings. 

Less conspicuous than the glasshouses but by that not less important are the aids 
used in laboratories. With colchicine-treatments often thousands of individuals have 
to be examined microscopically to ascertain which plants have become tetraploid. 
The breeding of vegetable parasites to procure infection material has developed 
greatly of late years. Some disease organisms are transferred by means of an atomizer 
or with a syringe. Paper chromatography has also been introduced to supplement or 
refine the chemical analyses of before. Research on starch kernels of potatoes as 
concerns size and phosphorus content will give us an insight in the value of certain 
parents for the development of good potatoes for industrial use. Keeping pollen or 
germs of diseases at given temperatures help us to bridge large differences in time, in 
pollination or infection experiments. Regulation of daylength enables us to study 
better the problems of cold resistance or to force short-day plants to produce flowers 
or tubers in the long days of our summer. Refractometers and phase-contrast mi- 
croscopes were introduced at many breeding stations. Potatoes, wheat, barley, flax, 
etc. are sprayed with infection material received from elsewhere in order to detect 
resistant or immune individuals. The simple trials of former days have disappeared 
at many places and higher mathematics and graphic illustrations are now being used 
to judge differences and fluctuations. Many graduates of Wageningen Agricultural 
University or from elsewhere have found a post at breeding establishments to apply 
their study in practice but also to develop new methods for newly arising problems. 

However, this does not hold for all the breeding farms. Excellent work is still being 
done without the use of complicated methods and outfit by breeders who were not so 
fortunate to enjoy an academical education. There are many enthusiastic farmers 
who are inspired with a great love of nature and blessed with a quality of dogged 
perseverance to give their best energy to plant breeding. 1 sympathisize greatly with 
these small-property farmers who year after year raise a small number of potato 
seedlings. There is evidence that they may have success. Theoretically it may be true 
that the chance to find a good seedling increases with the number, in practice it is 
equally true that with increasing numbers the risk of overlooking a good seedling is 
also greater. 

Considering the above and comparing it with the situation of about 1930 it can be 
concluded that the Dutch breeding establishments have greatly increased in number, 
area and outfit and that more scientists with a special education are being involved 
in the breeding work. 


4. ADVICE AND MATERIAL SUPPORT TO BREEDERS 


In former years many breeders have attempted to raise new varieties, working in 
isolation and after their own intuition. According as plant breeding developed to a 


16 


PLANT BREEDING IN THE NETHERLANDS 


separate branch of science breeders gained more information on their work. The 
Institute of Agricultural Plant Breeding, founded in 1912, has raised plant breeding 
to a higher level by distributing material and disseminating new ideas. And, recalling 
to their minds the period of the thirties, many breeders will still remember the great 
activities of my predecessor, the late Prof. C. BROEKEMA. 

The Dutch Breeders Association, by organizing regularly breeders’ days, has 
contributed to the rousing of interest for breeding work, it has stimulated the tackling 
of new problems and spread the use of new methods. The breeders’ days are held in 
turn in different parts of the country. The articles on plant breeding published in the 
N.A.K. journal are carefully read by many breeders. After reorganization of the 
Breeders’ Association and the institution of the so-called working parties an animated 
contact has come about among various breeders mutually and among breeders and 
scientists engaged in given problems. 

A foregoing article (HOGEN EscH, 6) has already reported on the activities of the 
Commission for the Advancement of Potato Breeding which was established by the 
N.A.K. in 1937. This Commission has greatly stimulated potato breeding (7). 

By testing the seedlings on the establishment of Dr. J. G. OORTWIJN BOTJES, later 
of his son-in-law A. H. MUNTINGA, potato breeders were greatly helped in the 
evaluation of their varieties. Many good expectations were disappointed, but also 
various good seedlings were brought to a place they deserved. The collection of old 
varieties which is being maintained at the farm of Mr. MUNTINGA, is always at the 
disposal of investigators and available for the use of parental material. 

The Study Circle of Plant Breeding prefers to deal with problems of a scientific 
nature; a regular attendance of persons who devote their time to the development 
of new varieties proves that the subjects treated have their interest. The periodical 
Euphytica, Netherlands Journal of Plant Breeding, reports in articles the research on 
plant breeding in the Netherlands and thus extends the work abroad (Dr HAAN, 5). 
Furthermore we hope that our summer show which is annually held in the threshing 
barn of our Institute, will be of value to breeders. 

Special mention should be made of the Foundation for Agricultural Plant Breeding 
(S.V.P.) which was established in 1948 (Dorst, 1, 2). Its task is in the first place to 
support private breeders and to give them advice. The staff tries to develop usable 
methods, to collect material with new prospects in order to distribute parent stock 
and selected hybrid populations to breeders. They also conduct their own research. 
A special aim is to tackle those problems which for some reason are too risky for 
private breeders. The raising of new varieties is left to the breeders themselves. New 
varieties are raised only in the case of crops which are not entered upon by private 
breeders. However, the Foundation is not permitted to exploit its new creations. It 
owns a trial farm in the North-East Polder, the Prof. Broekema-farm, which serves 

potato breeding particularly. 


In summarizing, it can be said that attempts are being made to raise better varieties 


by close cooperation of science and practical breeding work whereby private enter- 
prise is stimulated to develop its work according to its own insight. 
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5. OTHER MEASURES PROMOTING BREEDING WORK IN THE NETHERLANDS 


When in 1932 the N.A.K. was established and, for agricultural crops the various 
services in every district were amalgamated to regional services falling under the 
auspices of the central N.A.K. at Wageningen, this had great consequences also for 
the breeders. By controlling the multiplication farms the term “original” was qualified 
to indicate a certain standard. After 1942 the control of the N.A.K. was extended to 
“elite” seed. In a system whereby other persons than the breeder are allowed to 
commercialize varieties and a scheme of remunerations for the later grown crops this 
is a logical development. It also involved that extra care had to be given to the 
maintenance of a variety. 

Whereas in the case of most crops the maintenance of a variety is entrusted to the 
breeder or his representative, with potatoes this task has been largely taken over by 
the clonal selection farms. Undoubtedly this has led to the great advantage that healthy 
seed potatoes can be introduced into the trade. And when the rule is adopted that the 
work, as far as the maintenance of health is concerned, can be reckoned among the 
tasks of the members of the N.A.K. and that, in case bud mutants are formed, the 
breeder is involved in the work, this procedure can only be of advantage to the 
breeding work as a whole. The best varieties will lose their value when through 
diseases or too great an impurity they lose the confidence of the users. 


The year 1942 has also been of great significance to the breeder in another respect. 
From that year onward he could exploit a variety by himself if it is included in the 
List of Varieties (apart from a few exceptions). This meant that a variety which 
formerly with some propaganda could become a source of income without the List, 
was no longer permitted to be commercialized. The so-called “binding” List has 
therefore led to far-reaching consequences. 

Against these stringent rules it can be stated that the breeder can now claim a 
right to remuneration from later grown generations. This procedure had been prepared 
by the N.A.K. by giving royalties. I have always considered this voluntary deed of the 
N.A.K. of great importance. It was laid down as a regulation in the Plant Breeder’s 
Decree of 1941 and the measures resulting therefrom. Rightly many breeders felt 
it a disadvantage that only the users of approved seed and seed potatoes contributed 
in the expenditure of the breeder whilst others who also profit from the variety, paid 
nothing. It is heartening that the Body of Public Law in the field of Agriculture 
(“Landbouwschap”) has now proceeded to apply area-levies. 


The Dutch List of Varieties of Field Crops has from its institution onwards promoted 
that every variety should be introduced under one name only. Only in that case can 
it be possible to prevent theft and to give information or to guarantee trueness to 
type. All this has been placed on a legal basis through the Breeder’s Decree 1941. 1 
don’t want to go into details on the further significance of the List. Those who are 
interested are referred to a report of 1950 by Dr. H. DE HAAN called “Twenty- -five 
years of the Dutch List of Varieties (4)”. 

The Extension Service and the trial farms have always shown much interest in 
everything that is connected with the introduction of new varieties. Other institutions 
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with similar objects too have contributed to call attention to the merits and demerits 
of new varieties. They have often given valuable indications to the breeders whenever 
the farmers, the consumers, or the industry have made demands; they have also 
pointed to problems which made scientific investigation desirable. 

The export trade and the foundations for propaganda abroad afford ample 
opportunity to give new varieties a trial in foreign countries. Moreover, better than 
before the breeder is acquainted with the desires of foreign countries and of varieties 
competing with the Dutch products of breeding. For it still holds that ultimately 
the export is largely dependent on the usability of a variety when compared with 
other ones. 


I need not emphasize that, apart from other good features of the variety, the 
quality of the multiplication material also should satisfy high demands. 

Although the N.A.K. first and foremost has a controlling task, the leading managers 
have always shown to attach great value to the educational and advisory function of 
the inspection. In the Netherlands there has always been a close contact between the 
breeding establishments and the inspection. There are numerous examples that the 
N.A.K. has taken the initiative to stimulate and promote breeding work. 


In conclusion 1 would make the following remarks. Formerly plant breeding was 
an art whereby love, intuition and luck played a large part. In those days breeders 
achieved great results by using simple means and “armed” only with their famous 
“‘breeder’s eye”. A love of profession will remain imperative also in the future and 
fortune will favour one more than another even nowadays. 

But more and more plant breeding has developed to a knowledge and the application 
of science is greatly on the increase. Greater demands than before are made on 
equipment and techniques. Besides modern breeding establishments involve the in- 
vestment of large sums of money. 

Considering the great importance of good varieties for agriculture in the Nether- 
lands, for the consumer and for the industry, considering the large export of seeds 
and seed potatoes, plant breeding serves an important economic function. The Govern- 
ment is convinced of this social significance and therefore supports its cause in 
several ways. 

Generally speeking it can be stated that in the Netherlands new varieties are 
developed only by private breeders. The private firms have shown that they under- 
stand their task; they have tackled their problems energetically. They will be able to 
bring it to a good end when they receive a rightful award from the profits which a 
good variety yields. With their object to build up a paying firm they also serve a 
general interest. 

| SAMENVATTING 


| Een kwart eeuw plantenveredeling 
| 


De rassenlijst van 25 jaren geleden bevatte tal van rassen, die thans van het toneel 
verdwenen zijn. Door de verdere omschakeling van lijnselectie in landrassen op het 
toepassen van kruising werden bij de zelf bevruchters (tarwe, gerst, haver, vlas, etc.) 
belangrijke vorderingen gemaakt. 
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Grote vooruitgang werd tevens bereikt op het gebied van de grassen. Talrijke rassen 
hiervan prijken thans op de rassenlijst. 

Door bij het kweekwerk meer aandacht te schenken aan de ziekteresistentie zijn een 
aantal resistente rassen verkregen, terwijl belangrijke perspectieven geopend zijn. 
Veel meer dan voor 25 jaren wordt gebruik gemaakt van genenmateriaal uit andere 


landen. 

Bij de suikerbieten zijn polyploide rassen op de voorgrond getreden, terwijl aller- 
wegen getracht wordt tetraploide voederbietenrassen te kweken. Ook bij enkele 
„andere gewassen zijn de vooruitzichten op polyploide rassen hoopgevend. 

In de laatste 25 jaren zijn vele kweekbedrijven gemoderniseerd. Tal van kweek- 
bedrijven beschikken over kassen en maken daarvan bij de veredeling van verschillende 
gewassen een zeer nuttig gebruik. 

Personen met speciale kennis werden bij het kweekwerk ingeschakeld. 

De totstandkoming van de S.V.P. maakte het mogelijk meer aandacht aan de voor- 
lichting te schenken terwijl geniteurs en voorgeselecteerde populaties aan de kwekers 


verschaft worden. 

Het tot stand komen van het Kwekersbesluit gaf een bescherming van de kwekers- 
eigendom. Als gevolg daarvan nam het aantal kwekers in de laatste 25 jaren, speciaal 
op het gebied van de aardappelveredeling, aanzienlijk toe. 
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ABSTRACT 


Ll. By means of test crossings to American male sterile varieties N ms ms plants were 
found in Netherlands onion varieties. 

2. In 14 man-days of searching in commercial seed plots 92 male sterile plants 
(S ms ms) were found. From these plants male sterile descendants were gained. 

3. From the S ms ms and N ms ms plants of the Netherlands variety Primeur a male 
sterile line that can be reproduced by seed was composed. This material has been 
given to Netherlands onion breeders, to be used as a partner in a hybrid variety. 

4. Two series of test crossings of Primeur to a great many varieties from the Nether- 
lands and from abroad were performed in order to learn something about the 
combining ability of Primeur and other varieties. The best immediate results were 
obtained when plants of Primeur were combined with some plants of varieties 
which are adapted to the same ecological conditions. 

5. For the breeding of a hybrid variety a simple form of recurrent selection is sug- 
gested. 


INTRODUCTION 


The work of HENRI A. JONES and co-workers opened the way for the production 
of hybrid varieties of onions with the aid of male sterile lines (for references see 2). 
As the breeding of hybrid onions may also be useful for the further improvement of 
the Dutch onion varieties (1), we started in 1950 an investigation of the possibilities 
of producing male sterile lines of Dutch onion varieties. 

The simplest way to get a hybrid is selecting two partners A and B which show a 
good combining ability, maintaining and further improving each partner separately, 
and cross them every time when a quantity of commercial seed is wanted. If the 
emasculation of one of the partners should have to precede every production of com- 
mercial seed, this procedure would certainly be too costly. Using a male sterile line 
as the A partner, the labour of emasculation is saved, which means that the pro- 
duction of hybrid seed will have a better chance of being economically possible. 

Male sterility in the onion is caused by one recessive gene ms and a plasmatic 
factor S. N is used to indicate that the plasmatic factor S is absent. A plant of the 
composition S ms ms is male sterile, a plant of the composition N ms ms is male 
fertile. 

In order to have an A line that can be reproduced by seed it should be composed 
of two components, A; of the genotype S ms ms, and Ay of the genotype N ms ms. 
If these two components are isolated together and plenty of flies are supplied, the 
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seed formed on the A, plants is from the cross S ms ms X N ms ms, and the seed 
formed on the A, plants is from selfing or from crossings between N ms ms plants. 


À, À» 
S ms ms X _N ms ms 


S ms ms Dal N ms ms 
4 
S ms ms XxX _N ms ms 


etc. etc. 


This means that the S ms ms plants are continually backcrossed to the N ms ms 
plants, and will eventually .be identical with them. It is therefore important that 
especially the A, (N ms ms) plants are good. 


SEARCHING FOR N MS MS PLANTS 


N ms ms plants can only be recognized as such by crossing them with S ms ms 
plants and observing the flowers of their F,. Therefore pair crossings must be made 
between a series of S ms ms plants and a series of well selected plants of the variety 
of which a male sterile line will be developed. 

It is not necessary that the cultural value of the S ms ms plants used for these test 
crossings is adapted to the region where one is working, because it is not necessary 
to incorporate them into the male sterile line to be bred. However, if well adapted 
S ms ms plants are available, they are preferably used. For if, in the latter case, an 
F, happens to be completely male sterile (because the pollen parent was N ms ms), 
this F, may directly be used as the A, component. 

During the first years of our search for N ms ms plants in Dutch varieties we used 
American male sterile lines, which were kindly supplied by DR. HENRI JoNes. But as 
soon as we had found male sterile plants in Dutch varieties, we switched over to 
these plants for the reason mentioned above. 

As the plants which appear to be N ms ms are meant to be used as an A; component 
anyhow, they should have a good cultural value for the regions where they will be 
grown. Therefore, it is essential that the material to be tested for N ms ms character 
should be well selected beforehand. 

The flowering F‚’s can be classified into three groups, according to the genetic 
composition of the pollen parents: 


S ms ms X _N Ms Ms (or X S Ms Ms) — S Ms ms (100 % male fertile) 

S ms ms X N Ms ms (or X S Ms ms) — S Ms ms + S ms ms (SO % male fertile 
+ 50 % male sterile) 

S ms ms XN ms ms — S ms ms (100 % male sterile) 


If on all the plants of an F, the flowers are male fertile the pollen parent did not 
possess a gene for male sterility; if on 50 % of the plants of an F, the flowers are male 
sterile the pollen parent was heterozygous for male sterility; if on all the plants of 
an F, the flowers are male sterile, the pollen parent was homozygously male sterile. 
This is the type searched for. If this is not found, it may be bred from a heterozygous 
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type by selfing and further testing of the progeny thus produced. This applies, of 
course, only to the heterozygous type N Ms ms, as selfing of S Ms ms plants would 
never give N ms ms plants but S ms ms plants. 

If an F‚ consists of five flowering plants which are all male sterile or all male fertile, 
it is highly probable that the pollen parent was N ms ms, respectively N Ms Ms (or 
S Ms Ms). The chance that a N Ms ms (or S Ms ms) pollen parent would give a 5:0 
splitting is only 3 %. A number of four or less plants in an F, is insufficient for a 
significant conclusion (3). 

For the pair crossings every pair of plants must be isolated and be supplied with 
flies. The S ms ms plants produce F, seeds. The pollen parents are at the same time 
selfed; if later a pollen parent appears to have been an N ms ms plant, the plants 
grown from its seed form an A, component. 


FROM F,-SEED TO FLOWERING F‚-PLANTS IN ONE OR IN TWO YEARS 


In 1951 and 1952 American male sterile varieties were crossed with plants of Pri- 
meur and Wijbo. In September the F‚-seed could be harvested. 

In 1951 a part of every lot of F‚-seed was sown at the end of September; in 1952 
this was done in the first part of December in order to have more natural light during 
the growth of the young seedlings. From sowing till 2 to 24 months afterwards the 
temperature was about 13°C. Then, after the natural light had become stronger, the 
plants were grown at 17°C. Halfway April the plants were brought in the open, on 
the north side of a greenhouse. The flowers could be observed at about the end of 
August. As the plants were grown in pots, they could easily be moved. 

The rest of every lot of F-seed was sown next spring in the open to produce 
onions, which developed into flowering plants a year later. 

Unfortunately, a great many of the F‚-plants died from diseases. In the one year 
cultures many plants were killed by Hylemya antiqua; the one year culture of 1952 
1953 even fell out completely. In the two year cultures Botrytis allii was very destruc- 
tive; by this cause the two year culture of 195119521953 fell out. In both types of 
culture Peronospora destructor was an important factor. 

In the one year culture of 1951-1952 of the F, of American varieties x Primeur, 
31 % of the plants reached the flowering stage (experiment 51 SH), in the two year 
culture of 1952-1953-1954 this was 37 % (experiment 54 SE). For the F‚’s of Ame- 
rican varieties x Wijbo these percentages were 18 and 25 respectively. The causes 
of the loss of plants are classified in table 1. 

In the years 1951-1954 most plants were lost through diseases. In the later years 
this loss was considerably reduced by control measures. Maximally 11 % of the 
plants remained in a vegetative condition. Some plants were destroyed because their 
partner had died. 

This result proves that control measures against pests and diseases are an extremely — 
important condition for success in testing experiments like these. Hylemya can com- 
pletely be controlled by octaterr or aldrin, and Peronospora destructor by zineb. 
Botrytis can not directly be destroyed. But its activity can be reduced to some extent 
by artificially drying the onions, if unfavourable weather conditions did not allow 


them to ripen completely. 
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TABLE 1. RESULTS OF ONE AND TWO YEAR CULTURES FOR PRODUCING FLOWERING Fj-PLANTS FROM 


F,-SEED 

zier ont oge et ME A 
CLOS reen a Male sterile Am. var. Xx Primeur Male sterile Primeur x Primeur 
Seed to flowering one year two years two years two years 
Experiment. 51 SH 54 SE 56 SE/56 SG 57 SF/57 SH 
Number of F‚-plants 128 40 296 440 
BIOWEE SVEN Se 37 % 80 % 1% 
Remaining vegetative . 10 % SA — ls 
Perished: wa, tem et Son 58 % 13 % 4% 
DESTOVE ME 4 % — — 10 % 
CTOSS NE A Male sterile Amer. var. X Wijbo Male sterile Primeur Xx Wijbo 
Seed to flowering one year two years two years 

Experiment … 51 SH 54 SE 56 SG 

Number of F‚-plants . 74 4 304 

BIOWenn dm: 18 % 2580 8315 

Remaining vegetative . 9% = = 

Berished nn 70 % 155 3 % 

DES HOVEN: 3% — 14 % 


The results of the one and the two year cultures in 1951-1954 were about the same. 
The temperatures for the one year cultures were chosen according to physiological 
data from literature and cultural considerations. It is probable that this treatment 
might be improved, so that in combination with an efficient control of pests and 
diseases, quite satisfactory results might be reached. It is, however, much easier and 
less expensive to produce a great quantity of flowering plants in a two year culture. 
As, moreover, the two year culture fits better in the scheme for the production of a 
male sterile line, as described hereafter, the further development of the treatment to 
obtain flowering plants in one year has been stopped for the time being. 


N MS MS PLANTS FOUND 


From Primeur a group of plants has been developed which with reasonable cer- 
tainty is of the composition N ms ms. This goes back to plant 51032.17. By selfing and 
mutual pollination of its progeny this plant has been increased to one seed lot in 1953 
(registered as 51306), and 19 lots of seed in 1955 (registered as 53887.1-19). The 
onions grown from this seed were selected and classified into three groups, which were 
globate, oblate and ovoid respectively. 

From the F,‚ of male sterile Brigham Yellow Globe x 5103217 five flowering 
plants were obtained, which were all five male sterile. 

From the F,‚ of male sterile Primeur x 53887.1-19, 177 flowering plants were 
obtained, which were all 177 male sterile. 

In addition another group of Primeur plants and a group of Wijbo plants of the 
N ms ms composition were produced. But these will be tested once more. 
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SEARCHING FOR S MS MS PLANTS 


There are two ways to obtain the A, component. 

If an N ms ms plant has been found by testcrossing to male sterile plants of a variety 
that is not adapted to the regional needs, the A, component can be produced by 
repeatedly backcrossing the F, etc. to the N ms ms plant. 

If, however, male sterile plants can be found in the locally adapted variety, they 
can directly be used as the A, component. This saves a lot of labour. Therefore in 
1952 and 1953 14 man-days were spent to search for male sterile plants in plots of 
flowering onions of seed companies. This was practised in dry, sunny weather. In the 
first year all flower heads were palpated (no pollen on the fingers if male sterile). In 
the second year enough routine had been gained to recognize the male sterile flower 
heads by sight; if a male sterile flower head was found, the flowers were further exa- 
mined by palpating and inspection with a magnifying glass. From each male sterile 
plant one flower head went to the institute for microscopical examination by Y. O. 
Kro. A few plants, which on the field seemed to be matie sterile, appeared only partly 
male sterile when microscopically examined. 

The results of the years 1952 and 1953 are shown in table 2. 


TABLE 2. MALE STERILE PLANTS FOUND IN COMMERCIAL SEED PLOTS OF PRIMEUR AND WIJBO 


Male sterile plants found 


Number | Number of Ee 
Variety | Year Area of man-days 1 dost 
te Spenl completely partly os 
p male sterile | male sterile 
Primeur 1952 | 1.50 ha | 130,000 4 19 = 
1953 | 2.00 ha |j 170,000 4 58 — = 
Sum | 3.50 ha | 300,000 8 77 = 1 
Wijbo 1952 | 0.15 ha 12,000 14 4 1 = 
0.10 ha 8,000 1 1 | 
0.10 ha 8,000 1 1 1 = 
0.10 ha 8,000 1 = = — 
1953 | 0.10 ha 8,000 4 3 — 
0.07 ha 5,000 4 3 1 = 
0.07 ha 5,500 + 3 — 
Sum | 0.69 ha 54,500 6 is 4 2 


The Wijbo plants were grown in strips of four rows. Consequently inspection could 
be done with less danger of damaging the crop and it could be carried out more tho- 
roughly than with the Primeur plants, which were grown in normal plots. Consequent- 
ly of Wijbo 0.115 ha (9,082 plants) were inspected per man-day against 0.44 ha 
(37,500 plants) of Primeur. Possibly as a result of the closer examination in Wijbo 1 
male sterile was found in 3,633 plants, whereas in Primeur 1 male sterile in 3,896 
plants was found. 

The male steriles which were found in the fields, were marked with a long cane and 
a number. They flowered and set seed where they stood, pollinated by their neigh- 
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bours. In September, just before the whole field was harvested, their seeds were col- 

lected. The next year the seeds developed into bulbs, and the year after that the bulbs 

developed into flowering plants. The progenies were kept separate. But this is not 

necessary, as every male sterile plant is good, independant of what its sister-plants are. 
The results are given in Table 3. 


TABLE 3. PROGENIES OF MALE STERILE PLANTS FOUND IN COMMERCIAL SEED PLOTS 


Number of plants 


Year Number 
Flowers Number B 
Variety he il mother om NAE ale partly nale 
found plants ProgenIes |_ fowering fertile A sterile 
Primeur 1952 m.s. 16 504 1 — 503 
1953 m.s. 58 381 5 1 315 
Wijbo 1952 m.s. 5) 102 102 — — 
partly m.s. 2 69 69 — — 
1953 m.S. 9 98 83 — 15 


The frequency of male sterile plants in the seed plots was not quite the same and 
not essentially different for the two varieties either. Nevertheless, the male sterile 
plants of Wijbo had a progeny of nearly all male fertiles, whereas the progeny of the 
male sterile Primeur plants was nearly completely composed of male steriles. This 
difference may be caused by a difference in the genetic composition of the neighbours 
of the male sterile plants in the seed plots of the two varieties. The genetic compo- 
sition of the (male fertile) neighbours can have been N Ms Ms, S Ms Ms, N Ms ms, 
S Ms ms, or N ms ms. Nearly all of the neighbours of the male sterile Primeur plants 
must have been N ms ms. Otherwise their progeny would not have been nearly all 
male sterile. Among the neighbours of the male sterile Wijbo plants, however, the 
N ms ms composition must have been very scarce. Otherwise their progeny would not 
have been nearly all male fertile. Possibly the plasmatic factor S is so frequent in the 
variety Wijbo that nearly every ms ms plant has at the same time the factor S, with 
the consequence that nearly all ms ms plants would be male sterile and hardly any 
N ms ms plants would be found. On the other hand, it seems that in the Primeur 
variety the ms ms composition is very frequent but not the S factor. This would imply 
that the frequency of male sterile plants in this case would be controlled by the fre- 
quency of the S factor, nearly all other plants being N ms ms. 

The seeds collected in 1952 grew into flowering plants in 1954. The plants were 
grown in pots, so that after inspection they could easily be moved. The male sterile 
plants were directly crossed to descendants of supposed N ms ms plants or to plants 
that were investigated for this character. These pair crossings were done in isolation 
cages with flies. 

The seeds collected in 1953 grew into flowering plants in 1955. Now the onions were 
planted in rows in the open and beside each of them a supposed N ms ms onion, or a 
plant that was to be investigated for this character, or an onion of a variety that was 
to be investigated for its combining ability. 

The progeny of the fifteen male sterile Wijbo plants unfortunately perished in 1956. 
The progenies of the male sterile Primeur plants, however, have given the A, compo- 
nents for the male sterile lines mentioned before. 
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WORKING SCHEME FOR THE PRODUCTION OF A MALE STERILE LINE OF ONE'S OWN 
VARIETY IF ANY MALE STERILE MATERIAL IS AVAILABLE. 


We have seen that available male sterile material, even of a locally non-adapted 
variety, may be very useful to produce a male sterile line of one’s own variety. On the 
basis of the experiences described above we have drawn in table 4 a working scheme 
that is simple enough to be carried out on a sufficiently large scale. This is very im- 
portant to get results, just as a good control of pests and diseases. 

With some luck a male sterile line may be produced in four years. If a sufficient 
number of flowering plants per F, are obtained in the fourth year, so that testing 
for the N ms ms character of the pollen parents is safe enough, the A, and A, compo- 
nents may be crossed in groups in the fourth year already. However, if the number of 
flowering plants per F, in the fourth year was so small that a judgment of the N ms ms 
character of the pollen parents seems to be uncertain, it is wise to cross the individual 
plants of the A, and A, components in pair crossings and to self the individual pollen 
parents (A) one more generation, to check them once more for their N ms ms 
character. Pollen parents that might give no 100 % male sterile F, progeny may then 
still be cut out. 


COMBINING ABILITY OF VARIETIES 


To build up a hybrid variety of onions the method of recurrent selection seems to 
be the most attractive. Two groups of plants are separately selected, A (= A; As line) 
and B (—= a variety or selection that combines well with A). In each of these two 
groups the selection has two purposes; in the first place the combining ability of 
A and B, in the second place the cultural value within each of the groups of A or B 
plants which combine well. 

In order to keep the work as simple as possible, one should develop the A group 
into one or a few rather homogeneous lines. The selection for combining ability can 
then be restricted to the B group. The A, A; line or lines can then be maintained by 
mutual pollination, which is less expensive and more sure than pair crossings. And 
A; plants can be used for test crossings with B plants, without the necessity to main- 
tain them individually. 

These A, plants are placed in rows in the open. Beside each of them is put a B 
plant. When they have nearly reached the flowering stage, the flower heads of both 
partners of every A, + B pair are bagged in cloth bags. As soon as flowering really 
starts, flies are added. New flies are supplied to a bag if the number within it decreases 
below ten or fifteen. The seed that forms on an A, plant is from the cross A; X B, 
the seed that forms on a B plant is from selfing. This is a simple procedure with a 
good chance to get a sufficient quantity of seed per test cross. 

(See also schematic representation of this method in table 5.) 

If the A, plants must also be maintained, half of the flower heads of every A; plant 
should be bagged with the flower heads of an A, partner planted beside it. This dou- 
bles the work and halves the quantity of seed per test crossing, which should be 
avoided if possible. The breeding method outlined above is still more a program than 
a proven fact. So we shall have to await the further results before we can be sure that 
this simplified method will work satisfactorily. 
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TABLE 4. TIME-TABLE FOR THE PRODUCTION OF A MALE STERILE LINE OF ONE'S OWN VARIETY IF ANY 
OTHER MALE STERILE MATERIAL IS AVAILABLE 


S —O —= seed to onion 


O — S —= onion to seed 


Year No. 


Searching for S ms ms plants 


Searching for N ms ms plants 


TEE 


1 Grow onions of available male sterile 
S O0 material and of own variety. 
Ie 
2 Find male sterile plants in seed plots of | Make pair crossings between the male 
OS own variety — mark them with cane and | sterile plants and the own male fertile 
number — collect their seed just before the | plants — collect the F, seed of each cross- 
general harvest. ing, and in addition the seed of each 
selfed pollen parent. 
3 Grow onions from the collected seed. Grow onions from the collected seed. 
S —O ) 
Á Bring the onions into flowering — select | Bring the onions into flowering — inspect 
OS the male sterile plants and isolate them | the F‚’s for 100% male sterility — take the 
before pollination with any male fertile | progenies of the selfed pollen parents 
plant can occur (or cut away the flowers | which after crossing to a male sterile plant 
that may be pollinated). gave a 100% male sterile F,, as being 
N ms ms plants. 
The male sterile plants represent the A, | The N ms ms progenies represent the As 
component. component. 
A DS As 
(pair crossings) 
5 Grow onions from the seed of the crosses | Grow onions from the seed of selfed A» 
S 0 AT AND plants. 
y ee 
6 Bring the onions into flowering — check | Bring the onions into flowering. 
O >S all progenies if they are 100 % male sterile 
and cut out possible A, partners that 
might not give a 100% male sterile F, 
progeny. 
Ä1 X As 
(crossing of groups) 
Á/ Grow onions from the seed of the cross | Grow onions from the seed of the mut- 
S —>O0 ARA ually pollinated A, plants. 
8 etc. etc, 
OO =>S 


BREEDING MALE STERILE LINES OF DUTCH ONION VARIETIES 


But, whatever the way this method of recurrent selection is ultimately applied, 
there must be at least a rough idea of the material that can serve as a B-partner before 
it can start. Therefore we have made two series of test crossings of Primeur to a great 
many varieties from the Netherlands and from abroad. The result was that varieties 
adapted to ecological conditions that differ from those of the Netherlands were gene- 
rally disappointing. Of course, they may become good partners after having been 
adapted, but this implies a lot of additional breeding work. The quickest results, 
evidently, are gained when different varieties or selections from the same ecological 
conditions are used, for plants of Primeur showed a good combining ability with 
some other plants of the Rijnsburger type (inclusive Primeur itself) and with some 
plants of Noord Hollandse Strogele. Plants of Primeur also combined well with some 
plants of the German variety Stuttgarter. 


TABLE 5. TIME-TABLE FOR THE PRODUCTION OF A HYBRID VARIETY BY A SIMPLE FORM OF RECURRENT 


SELECTION 
S > O = seed to onion O — S = onion to seed 
Year No. A group (A, As line) “B group 
1 Select A; and As Select 50 typical A, | Select 50 good onions. 
Ss >O onionsforseed pro- onions for, test 
duction. crossing to B 
D Produce seed of the Make pair crossings of 50 A, onions to 
OS A; As line in the 50 B onions — collect the seed resulting 
usual way from the cross on the A, plants and the 


selfed B seed on the B plants. 


3 Select A, and A„ Select 50 typical A, | See which pair crossings have given a 
S —>O onions for seed pro- onions for test good result — determine which B plants 
duction crossing to B. were the pollen parent in these crosses — 


select from the progeny of each of these 
pollen parents the good onions — keep 
them through winter — select again the 
best progenies and put together the 50 
best onions from all of them for further 
improvement of the B line (the rest may 
be used for the production of commercial 
seed on A, plants). 


4 As second year As second year. 
OS 
| 5 
5 As third year As third year. 
S —O k 
etc. etc. etc. 


29 


O. BANGA AND J. PETIET 


SAMENVATTING 


Het kweken van mannelijk steriele A, A; stammen van Nederlandse uienrassen, als 


Le 
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voorbereiding tot het kweken van hybride-rassen 


„ Door middel van proef kruisingen met mannelijk steriele planten van Amerikaanse 


rassen werden in Nederlandse rassen N ms ms planten opgespoord. 


. In 14 man-dagen werden in commerciële zaadvelden van Nederlandse rassen 92 


mannelijk steriele (S ms ms) planten gevonden. 


„ Uit de combinatie van S ms ms en N ms ms planten werd een door zaad vermenig- 


vuldigbare mannelijk steriele (A, As) stam opgebouwd. Deze is aan Nederlandse 
uienveredelaars ter beschikking gesteld voor gebruik als partner in een hybride ras. 


. Uit proefkruisingen van de A, As stam met binnen- en buitenlandse rassen is 


voorlopig de indruk verkregen dat men in combinatie met selecties uit de in Neder- 
land gangbare rassen spoediger tot een bruikbaar hybride ras zal komen dan in 
combinaties met rassen uit andere klimaatgebieden. Deze laatste zullen eerst meer 
aan het Nederlandse klimaat moeten worden aangepast. 


. Voor het kweken van een hybride ras van uien wordt een eenvoudige vorm van 


recurrent selectie aanbevolen. 
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ÄBSTRACT 


Potato breeding proper in the Netherlands started in 1888 at the initiative of 
GEERT VEENHUIZEN at Sappemeer: He was very successful in breeding new potato 
varieties and stimulated Dutch farmers to tackle potato breeding. 

On November 18, 1957, just 100 years from the day that VEENHUIZEN was born, a 
memorial meeting was held at Sappemeer. VEENHUIZEN’s significance was illustrated 
and a portrait presented to the Agricultural University. 

Reproductions of the portrait and a memoir in higher, secondary and primary 
agricultural schools will keep alive VEENHUIZEN’s significance for agriculture in the 
Netherlands. 


1. INTRODUCTION 


On 18 November 1957 the 100th anniversary of the late GEERT VEENHUIZEN was 
commemorated. It is no doubt worth while to note this celebration in Euphytica, the 
more so as in foreign literature little information is found about this pioneer of 
potato breeding in the Netherlands. 

In some other countries a purposeful potato breeding programme was initiated at 
an earlier year (4, 5, 6). 


2. GEERT VEENHUIZEN, THE PIONEER OF POTATO BREEDING IN THE NETHERLANDS 


In a previous article (2) it was stated that also in the Netherlands the potato crop 
suffered from diseases and that gardeners and nursery men early tried to raise 
potato plants from true seed in order to obtain more vigorous and higher yielding 
stocks. No group of professional breeders sprang up, not even when in 1846 the 
Government imported true seeds of potatoes from Germany and distributed this 
seed among gardeners and farmers. 

Potato breeding proper in the Netherlands started in the Northeast in the Re- 
claimed Peat Districts of Groningen, a region of intensive cultivation of potatoes for 
industrial purposes. In proportion as potato growing expanded new varieties were 
continually imported from abroad (chiefly from Germany), but they often fell short 
of expectation. 

At the initiative of GEERT VEENHUIZEN (Fig. 1, reproduction of the painting), 
nurseryman and florist at Sappemeer, the local agricultural association laid out a 
potato variety trial field in 1888 and in the following years, in order to compare the 
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new varieties with the old ones and also to increase them. The management of this 
trial field made him take a greater interest in plant breeding. 

After reading an article in the horticultural journal Sempervirens on the creation 
of novel Bromeliaceae by means of artificial crossing VEENHUIZEN conceived the idea 
of developing new, productive potato varieties for industrial use (7). 

In the course of years VEENHUIZEN introduced many varieties. He was not out to 
make profit; he loved plant/breeding for its own sake. 

In table 1 (De HAAN, 1) a survey is given of the varieties developed by VEENHUIZEN. 
Starting in 1888, as early as 1892 ten of them were on the market. The year 1893 was 
a lucky one for VEENHUIZEN. That year he developed the Eigenheimer, valued as a 
potato for human consumption and for the potato meal industry, which expanded in 
later years and which was also appreciated abroad. His Thorbecke dates from 1901. 

This variety was for many years the most widely cultivated potato variety for 
industrial use in the Netherlands. VEENHUIZEN concentrated his efforts on the creation 
of potatoes for industrial use, but in addition he also succeeded in originating good 
varieties for human consumption (Eigenheimer, Bravo, Rode Star, etc.), which came 
to dominate the varietal range in the Netherlands. Agriculture has greatly benefited 
from his work. 

From the table 1, in which the most important varieties have been printed in bold 
type, it can be concluded that, in general, the time for developing new varieties was 
surprisingly short when compared with the creation of new cereal varieties or those 
of leguminous crops. Bravo and Eigenheimer were introduced after a few years, 
and this was also the case with Thorbecke. It is clear that only a small quantity of 
seed potatoes could be available, for, assuming a seedling to produce 20 tubers and 
the rate of increase to be 1:20, at most 8,000 tubers would be available in the third 
year. When keeping healthy stocks the multiplication takes place at a considerably 
slower rate. 


It is interesting to quote the first description of Bravo from the report of the 
Central Trial Field (Fig. 2) covering the year 1898, since it clearly demonstrates the 
“fine nose” of VEENHUIZEN. 

“No. 11, which was submitted under number 58 the previous year and which we 
praised at that time already, proved excellent also this year and thus we decided to 
give it a trial on a larger scale at the trial field “Eureka” in order to distribute it from 
there into the Reclaimed Peat Districts when it again proved good”. 

“The variety is one of the finest as concerns foliage; the stems are robust and firm, 
of moderate height; the leaves are very large and of a particularly yellow-greenish 
colour. The plants grow rapidly so that the soil is soon covered, the light-blue 
flowers are conspicuous against the light-green foliage. The tubers are round, many 
somewhat flattened, the eyes are very shallow. Its taste was excellent at every trial; 
its colour is intensely yellow, also on the dish, so that, in our opinion, it may become 
one of the very best varieties for human consumption. It has been named Bravo 
therefore, a real Dutch name”. 


Fro. 1. REPRODUCTION OF THE PORTRAIT OF GEERT VEENHUIZEN, PRESENTED TO THE AGRICULTURAL 
UNIVERSITY, WAGENINGEN. THE ORIGINAL PORTRAIT IS PLACED IN THE INSTITUTE OF AGRICULTU=- 
RAL PLANT BREEDING 
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TABLE 1. SURVEY OF THE POTATO VARIETIES DEVELOPED BY G. VEENHUIZEN 


Name of variety Seedling of | Introduced Name of variety Seedling of | Introduced 
RUDE ae ne 1888 1892 Eollandi atm 1897 1904 
KIADUSR Mr de 1888 1892 El bni damen 1897 1904 
BAL/SO Meeren Ae 7 1889 1892 TEmPOm mn 1897 1902 
BOSESTelIND en 1889 1892 NIEd Usa 1898 1903 
EKCOIS Aerde en 20 1889 1892 Model "2e 0 1898 1902 
Lange Reuzen .... 1889 1892 ADDO meene ve 1899 1904 
MEO Ee 1889 1892 AVENE en oe 1899 1904 
DOD 2 opoe. 1889 1892 Enorme: 1899 1908 
Bot 1889 1892 Matador. 1899 1902 
Nroege witte... … … 1889 1892 INE CLO RN 1899 1904 
Diii sies 1893 Prof. Mayer .. .. 1899 1904 
BDA ee 1890 1895 VANDER Ee EE 1901 1904 
Eigenheimer . . . . . | 1890 1893 ECT nn 1902 1906 
Buldelng es … 1890 1895 Flambouw .... 1902 1910 
NODIGEN mente oa 1 1890 1893 Nieuwe Ruige Witte. 1902 1905 
Standhouder. … … 1890 1893 Oale han rue 1902 1908 
Buitnparels, sl 1890 1893 Orantanm tt en 1902 1906 
Koege gelen 4 1890 1894 Rendabele nn 1902 1907 
Kilverling se 1890 1895 AVelkom mem 1902 1907 
BOEDA 1891 1893 Concurrent 1903 1907 
Uomo 1892 1895 Barinam 1903 1910 
AT EN AN 1892 1894 Koh-i-noor .... 1903 1907 
BELONEN Beet 1892 1894 Plon 1903 1912 
Krans Draker 1892 1894 Roode Star .... 1903 1908 
Blou en ne. 1892 1894 Nieuwe Muizen . 1905 1912 
Roode Champignon 1894 Splendo...... 1905 1911 
RUSSiNA rn (je in veerde 1894 Erancome tnt 1906 1911 
Steilstammen ….... 1892 1899 EXPres rn 1908 1913 
WONndeN nd eon 1892 1898 SUCCES ann ene 1908 1913 
Zomerrooden .... 1892 1894 Commandant ... 1909 1914 
B WATLICS ME kt dt OE 1892 1895 BACGERRREN 7. 008 1909 1919 
Oerend el 1893 1899 Ideaal ...... 1909 1918 
ECA eh a are 1893 1899 Preferent ..... 1909 1917 
Ribera ers. 1893 1898 Albion rans or Snt 1911 1927 
Eer eaten 1893 1895 Kampioen .. ... 1911 1918 
BDLON LN vn At 1893 1899 Presènt 40 700 1911 1918 
Witte Ruigen .….…. 1893 1895 Excellent .. ... 1916 1922 
MallonsPrek aides 1894 1898 Roode Industrie … . 1916 1920 
Paul Kruger ..... 1894 1900 Element. ..... 1917 1924 
WESCA Eren ene eten 1894 1898 Monopool . . . .. 1917 1922 
IBEAVO EN Te dt 1896 1899 Robijn ...... 1917 1926 
OTANIENE LE NETN B. Nl 1896 1899 Energie …. .... 1918 1924 
Thorbecke . . . ... 1896 1900 Jubileum …..... 1923 1927 
OLM A anar a 1896 1899 Populair ..... 1923 1928 
ZaalingNo2 …. 1896 Ultimus senen er 1925 1935 
EEUDO Bree de ae 1901 Souvenir . .... 1926 1932 
Landskroon ..... 1901 


— It appears from this description that the best seedlings were planted on a multi- 
plication field in the third or fourth year. In later years, too, when the V.B.B. (Farmers 
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Fia. 2. THE CENTRAL TRIAL FIELD AT SAPPEMEER. MR B. E. VEENHUIZEN (RIGHT) OBSERVES THE SECOND 
YEAR POTATO SEEDLINGS 


Association in the Reclaimed Peat Districts) undertook the management of the 
Central Trial Field, the link with VEENHUIZEN remained, which was very important 
in the time preceding the issue of a List of Varieties. The V.B.B. distributed only the 
best seedlings to agricultural societies in order to give the seedlings a trial. 


The Groningen People's Almanac of 1931 contains the biography (3) of GEERT 
VEENHUIZEN, who died at Sappemeer on 30 January 1930. 1 had the privilege to 
participate in the visits which Prof. dr. TiNE TAMMES liked to pay to the Central Trial 
Field at Sappemeer (Fig. 3). VEENHUIZEN knew how to captivate his visitors in an 
admirable way. He was small, cheerful and active. He loved breeding work. When 
posterity will contemplate the development of potato breeding in the Netherlands it 
will be difficult to realize that the great Dutch breeder created for the Netherlands a 
whole range of home-bred varieties. Kok (3) characterizes him so strikingly in 
the following words: “He who had ever the pleasure of being taken round by VEEN- 
HUIZEN through his seedlings and selections, could not help being greatly impressed 
by the great enthusiasm for his profession. The visit might be a pleasure for the 
visitor, the accompaniment of people who were really interested in his work was as 
great a joy to him. One could see it in his critical search among his plants, one could 
hear it in his homely and witty remarks. Hardly anybody could withdraw from the 
charm of such idealism in this simple man. The untiring worker at last found rest. 
But the remembrance of this first Dutch potato breeder will live on, as long as 
potatoes will be grown in this country”. 
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Fi. 3. MISs PROF. DR. TINE TAMMES, LATE PROFESSOR OF GENETICS AT GRONINGEN UNIVERSITY AND 
STUDENTS VISITED G. VEENHUIZEN AT SAPPEMEER ON 22 JULY 1927 


3. THE CELEBRATION OF THE CENTENARY MEMORIAL DAY 


On November 18, 1957, a celebration was held at Sappemeer (prov. of Groningen), 
in honour of GEERT VEENHUIZEN to mark the 100th anniversary of his birth. 

The chairman of the memorial committee, Mr. R. PANMAN, welcomed a large 
number of people who were in some way associated with agriculture in the Nether- 
lands and the VEENHUIZEN family. Not only potato breeders and research workers, 
but also farmers, potato meal industrials, managers of cooperative meal factories, 
wholesale and retail dealers and leaders of agricultural organizations were present. 


After an introductory speech the chairman presented to the Chancellor of the 
Agricultural University, Wageningen, a portrait of G. VEENHUIZEN (Fig. 1), painted 
by the Groningen painter JOHAN DIJKSTRA. In his address of thanks Prof. ir. W. DE 
Jong pointed out that VEENHUIZEN has set an example for science where results can 
only be obtained by love of work. 

VEENHUIZEN’s significance for the potato meal industry was outlined by Mr. J. 
GROENEVELD, while Mr. C. J. VAN ZAALEN voiced the feelings of the potato dealers in 


a speech. 
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Pror. dr. J. C. Dorst, Director of the Institute of Agricultural Plant Breeding, 
Wageningen, in some personal remeniscences described how as a student he had made 
the acquaintance of VEENHUIZEN and that he thought it likely that this meeting had an 
influence on his choice of study. He pictured various traits of VEENHUIZEN’s character. 

He said that when lecturing to his students he would point out to them that VEEN- 
HUIZEN’s work could be carried out only by taking initiative, dogged perseverance, 
love of work, belief in a great cause and by confidence in his own abilities. Tribute 
was paid to the memory of Mrs. VEENHUIZEN in Prof. DoRsT’s words when he voiced 
gratefulness for her loyal support of her husband’s work. 


In VEENHUIZEN's lifetime his varieties were grown extensively, but also in the 
years, following his death his varieties covered more than half of the area under 
potatoes in the Netherlands. In 1956 the variety Eigenheimer (1893) still covered as 
much as 12 %, Ultimus 2 %, Rode Star 1 %, of the 144,200 ha under potatoes in the 
Netherlands; 1,600 ha Eigenheimer, 313 ha Ultimus and 290 ha Rode Star were 
submitted for inspection in 1957, 

Several of VEENHUIZEN’s potato varieties were also valued abroad. The variety 
Eigenheimer was exported to other countries as a potato for human consumption and 
was also grown in Belgium, Luxemburg, Italy and Brasil. 

The variety Paul Kruger was grown in England under the name of President and 
in Scotland as Scottish Farmer, but it also became known in Sweden, Russia, and 
U.S.A. Model was extensively grown in Poland for many years, Thorbecke was 
grown in England, Rode Star in Belgium, France and Switzerland. 


VEENHUIZEN’s visitor’s book contains the names of many visitors from abroad and 
he himself visited Belgium, France, Germany, Austria, Tschechoslovakia, Yugo- 
slavia and Italy. 


In thanking the authorities for their recollections of his father’s contributions, one 
of the sons briefly described some remarkable facts from VEENHUIZEN’s life and an 
other son, the potato breeder B. E. VEENHUIZEN, thanked all those present who in 
some way or another had contributed to the dignified remembrance which was so 
greatly appreciated by his family and relations. 

A reproduction of the painting and also the richly illustrated memoir (8) Geert 
Veenhuizen, 18 November 185730 January 1930, covering 32 pages has been presented 
to higher, secondary and primary agricultural schools. 


SAMENVATTING 
Geert Veenhuizen (1857-1930), de pionier van de aardappelveredeling in Nederland 


Op initiatief van GEERT VEENHUIZEN te Sappemeer werd in 1888 de grondslag ge- 
legd voor de doelbewuste aardappelveredeling in Nederland. Hij had zeer veel succes 
met het kweken van nieuwe aardappelrassen. Hij stimuleerde door zijn kweekarbeid 
anderen in Nederland de aardappelveredeling aan te vatten. 

Op 18 november 1957, de dag dat honderd jaar geleden VEENHUIZEN werd geboren, 
had te Sappemeer een herdenkingsbijeenkomst. plaats. De betekenis van GEERT VEEN- 
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HUIZEN werd toen belicht terwijl zijn geschilderd portret aangeboden werd aan de 
Landbouwhogeschool te Wageningen. 


Reprodukties van het portret en een gedenkschrift zullen tevens in de hogere, 


middelbare en lagere landbouwscholen de herinnering levendig houden aan de grote 
betekenis, die VEENHUIZEN heeft gehad voor de Nederlandse landbouw. 
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ABSTRACT 


When seedlings derived from crosses in which a gene (R) for hypersensitivity- 
resistance is involved, are sprayed with swarmspores of Phytophthora infestans, it is 
generally not difficult to identify the susceptible and the resistant seedlings. The 
susceptible seedlings are densely covered with conidiophores, the resistant ones are 
entirely free. The latter ones are more or less necrotically damaged. 

In some cases, however, apart from the clearly susceptible ones, seedlings occur 
that show heavy necrosis and in addition some mycelial growth. The writer shows 
that these seedlings nevertheless contain the gene R. 


ON THE VARIATION IN EXPRESSION OF HYPERSENSITIVITY TO PHYTOPHTHORA INFESTANS 
IN POTATO SEEDLINGS 


After spraying young F, seedlings of crosses between hypersensitive and susceptible 
parents usually no serious difficulties are encountered in sorting out both groups of 
plantlets. As a rule the ratio susceptible: hypersensitive is very well in agreement with 
expectation. In these crosses the necrotic lesions on the hypersensitive plants are small 
and no mycelium can be observed whilst the leaflets of the susceptible seedlings are 
densely covered with sporangiophores. 

Sometimes, however, and notably when a concentrated suspension of swarmspores 
is used, the hypersensitive seedlings show large necrotic lesions and the reactions may 
be so severe that the young plants are almost killed. In many cases even a small 
number of conidiophores can be observed on the most severely damaged plants and 
the question arises whether such plants contain a hypersensitivity-gene (R) or not. 

If all plants showing necrotic lesions are considered to be hypersensitive and the 
sparse development of mycelial growth on these plants is disregarded, the segregations 
are close to the theoretical expectation. Other arguments in favour of the presence 
of Ris the fact that the fungus does not spread over the plants and that young leaflets 
and sprouts developing from nearly killed plants later on are not attacked. 

In order to be certain a genetical experiment was made by stimulating the develop- 
ment of new growth on very heavily damaged seedlings. Though it took several weeks 
most of these plants sprouted in a leaf axil or from the hypocotyl. Once re-established, 
the seedlings grew into strong and healthy plants that were grafted on tomato root- 
stocks and crossed with the susceptible variety Libertas as a pollen parent. 

Seeds were obtained from two such plants and the F‚-seedlings were inoculated 
with swarmspores of the same biotype of Phytophthora that caused the necrosis on 
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their mother plant. Of each cross 80 seedlings were treated. Half of them showed 
abundant mycelial growth and half of them had more or less severe necrotic lesions 
with some conidiophores, exactly like the parent and its sister plants. 

The results of these experiments leave no doubt as to the presence of R in the 
parent plants, despite the fact that the fungus was able to develop some few conidio- 
phores. 

It is generally supposed that the protoplasm of a hypersensitive plant reacts on the 
penetration of the fungus by producing antibodies that ultimately kill the cells them- 
selves, resulting in a starvation of the fungus. If this supposition is right, a slow reaction 
of the cells of the plants would result in more developmental possibilities of the fungus 
and ultimately even in the formation of some conidia. 

Most hypersensitive material shows some necrotic reaction visible with the naked 
eye. Sometimes, however, even under a microscope no single dead cell can be ob- 
served. In such cases the cell may react so quickly that further growth of the penetrating 
hyphae is checked immediately after coming into contact with the protoplasm. 

It is not known whether in the above case the fungus really pierces the cellwall. It 
is even possible that the germtubes of the sporangia or swarmspores are checked in 
their growth by some exudate of the plants or that there is no germination at all. It is 
highly questionable whether in these cases the term hypersensitivity is still appropriate. 

The degree of necrosis apparently is governed by a series of minor genes modifying 
the major effect of the R-genes. The question arises whether these minor genes belong 
to the same series as those governing the degree of field resistance. Conclusions re- 
lating to this question possibly may be drawn from observations on crossing R- 
material with varieties widely differing in field resistance. 

The development of conidia on necrotic R-seedlings may cause some difficulties in 
the classification. As a consequence some R-plants may be labelled susceptible 
resulting in an excess of susceptible segregants and a significant deviation from the 
theoretical ratio. 


SAMENVATTING 


Over de variatie van de overgevoeligheid voor Phytophthora infestans in terugkruisings- 
zaaisels van Solanum demissum met Solanum tuberosum 


Wanneer zaaisels van kruisingen, waarin een gen (R) voor overgevoeligheids- 
resistentie tegen Phytophthora infestans is betrokken, met zwermsporen van deze 
schimmel worden bespoten, dan is het gewoonlijk niet moeilijk de vatbare en de 
resistente plantjes te onderkennen. De vatbare zaailingen zijn dicht bezet met sporen- 
dragers, de onvatbare zijn daarvan geheel vrij. 

In sommige gevallen echter komen er behalve duidelijk vatbare zaailingen ook voor 
die zeer sterk door de schimmel zijn beschadigd (necrosen). Op deze sterk necrotische 
plantjes ontwikkelt zich ook mycelium, maar de blaadjes zijn daarmee niet dicht be- 
zet. De vraag is: zijn dit plantjes die een R-gen bevatten of moeten ze tot de vatbare 
worden gerekend? Indien ze tot de onvatbare worden gerekend treden dezelfde 
getalsverhoudingen op (onvatbaar: vatbaar) als bij de meeste kruisingen worden ge- 
vonden, hetgeen voor aanwezigheid van R pleit. 

Enkele van de sterkst beschadigde zaailingen met duidelijk zichtbare sporangien- 
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dragers werden met zorg opgekweekt en als moeder met rassen zonder R-genen ge- 
kruist. De F‚-zaaisels werden met zwermsporen bespoten en evenals het zaaisel waar- 
uit de moederplant stamt, vertonen ook deze zaaisels ongeveer 50 % duidelijk vatbare 
planten en 50 % die meer of minder zwaar neecrotisch zijn aangetast. Van deze necro- 
tische planten vertoont ook een enkele weer enig mycelium. Het is dus wel waarschijn- 
lijk, dat in de moederplanten het gen R aanwezig was. 
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ABSTRACT 


For shortening the life-cycle of strawberry plants a combination of seed- and plant 
treatment was applied to seeds and resulting seedlings of the varieties Climax, Jucunda 
and Deutsch Evern. 

Of the seed treatments applied, a cold treatment of 16 days at 3-5°C produced a 
very bad germination. A treatment with HSO, 96 % gave a more rapid germination 
and a considerably higher percentage of germination. 

Seedlings with three trifoliate leaves cannot be induced to flower by short-day 
treatment. For an effective short-day treatment of Deutsch Evern at least five and 
with Climax and Jucunda at least seven trifoliate leaves should be formed prior to 
short-day treatment. The freshly harvested seed from seedlings forced to rapid 
flowering has normal germination power. 

Through a combination of sulfuric acid treatment of the seed and a short-day 
treatment of the seedlings as soon as the latter have become sensitive, the life-cycle 
san be shortened from 18-24 months to 8-9 months. 


1. INTRODUCTION 


In carrying out a breeding programme with strawberries, particularly when the 
method of repeated backcrossing is used, it would be helpful to shorten the period 
‘rom seed to seed, which with the ordinary method takes a year and a half or two 
years. 

Generally the seed is sown in autumn and overwinters under cold conditions. 
After a more or less regular germination in spring a period of vigorous growth 
follows. Flowering does not start until the next spring, however. 

The length of a life-cycle is determined by the duration of the germination-period, 
the time from emergence to flower-initiation, the period from flower-initiation to the 
flowering proper and the fruit formation. 

The germination of strawberry seed often proceeds very irregularly and extends 
over a long time. KRONENBERG (2) reports that it makes all the difference from which 
parent plants the seed is derived. For instance, the germination of Jucunda seed is 
much slower than that of Madame Moutot. 

In order to hasten germination Scorr and INK (4) used sulfuric acid as a scarifying 
agent on seeds which had been stored at approximately 5°C for 9 months. Some 
1,000 seeds were stirred with 10 cc concentrated sulfuric acid for 10-15 minutes; 
afterwards the seeds were washed in running tap water for 30 minutes. This treat- 
nent did result in a quicker germination, but the germination-percentage remained 
somewhat below that of the untreated material. 
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BORGMAN (1) obtained a quicker germination by means of a cold-treatment of the 
seeds. He subjected the seeds to a temperature of about 1°Cfor 11 days. Unfortunately 
he does not mention germination percentages. ScoTT and INK (5) obtained similar 
results with a cold treatment of about 2°C for 1 month. The germination-percentage 
did not increase, however. 

Flower-initiation in strawberries under natural conditions takes place in the late 
summer and in autumn, and therefore flowering is not realized directly. VAN DEN 
MUYZENBERG (3) demonstrated that through short-day treatment the plants can also 
be induced to flower at another point of time. He succeeded in forcing runner-plants 
to flower directly by giving them a short-day treatment for 2-6 weeks from mid-May 
onwards. 

At the Horticultural Laboratory, Wageningen, it was investigated in which way 
and how far the life-cycle can be shortened by combining a seed treatment and a 
short-day treatment. The preliminary experiments were set up by Ir. P. M. Frurus and 
Ir. S. VAN VEEN. The present writer continued the work in consultation with Ir. FELIUS. 


2. MATERIAL AND METHODS 


The investigation was carried out with seed of open-pollinated plants of the varieties 
Climax, Jucunda and Deutsch Evern. It was kindly placed at our disposal by Miss Ir. 
H. G. KRONENBERG, Institute of Horticultural Plant Breeding, Wageningen. The 
seed had been stored under cool and dry conditions for 8 months. 


Seed treatment 

The following treatments were compared: 
.‚ untreated. 
„ cold treatment; 16 days at 3-5°C. 


„ sulfuric acid. 
. sulfuric acid + cold treatment. 


SWN == 


The seeds were kept moist throughout the cold-treatment. The sulfuric acid treat- 
ment was as follows: the seeds were stirred in 1 cc H,SO, 96 % for 8 minutes and then 
washed in running tap water for 30 minutes. All the treatments were carried out in 
duplicate with 100 seeds per treatment and the dates were chosen in such a way that 
all the seeds could be sown on the same day, i.e. 8/3/56. The seed tests were placed in 
a warm glasshouse. Afterwards the seedlings were counted regularly. 


The short-day treatment 


The seedlings obtained by the treatment mentioned above were used to ascertain 
in which stage the seedlings become sensitive to a short-day treatment. For that 
purpose groups of 29-40 plants with 3, 5, 7 and 9 trifoliate leaves per plant were 
composed from the quantity of seedlings that had been planted into pots after 
germination. These groups were subjected to a short-day treatment for 6 weeks with 
light being given from 8 a.m. till 4 p.m. As it proved not possible to collect at the same 
time a sufficient number of plants of each group, the short-day treatments were started 
at different times, viz. 
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for the group with 3 and 5 trifoliate leaves on 9/6/56; 
5 5 5 7 ES vG: 
B 5 5 9 3 450 
After the short- -day treatment which took place in a frame the plants were placed 
n a warm glasshouse until the first ripe fruits could be harvested. 
In order to ascertain whether the seeds of the above-mentioned fruits were viable, 
they were subjected to the treatments mentioned under the heading ““seed-treatment”’. 


3. RESULTS 


The results are presented in the tables 1 to 4, inclusive. 


TABLE 1. INFLUENCE OF SULFURIC ACID AND/OR COLD TREATMENT ON THE RAPIDITY OF GERMINATION 
AND THE GERMINATION PERCENTAGE. THE FIGURES GIVE THE GERMINATION PERCENTAGES. 
(2 x 100 seeds) 


Number of days 
after sowing 


Ss 8 12 16 20 26. 33 43 56 
Variety 
and treatment 
Climax untreated 1 (7 32 41 44 44 45 S 
cold 1 19 29 35 37 KA 39 39 
sulfuric acid 0 8 34 39 41 44 45 45 
sulfuric acid + cold 4 20 36 45 48 50 50 Sil 
tucunda untreated 0 4 12 23 24 30 31 32 
cold 0) 1 4 7 10 11 11 11 
sulfuric acid 0 21 55 62 66 67 67 69 
sulfuric acid + cold 4 20 36 45 48 50 50 51 
Deutsch untreated 0) 0 9 16 25 28 31 32 
Evern cold 1 3 6 12 14 14 16 16 
sulfuric acid 0 (/ 41 48 55 56 57 59 
sulfuric acid + cold 5 15 25 28 31 34 34 34 


From table 1 it follows that cold treatment was very injurious to germination. This 
s not in accordance with the results obtained by BORGMAN (Ì). 

The sulfuric treatment influenced germination very favourably in the case of 
Jucunda and Deutsch Evern. Climax did not respond to the treatment. 

The combination of sulfuric acid and cold furthers germination, but not so much 
is sulfuric acid alone, naturally on account of the inhibiting influence of the cold. 

The poor and irregular germination of strawberry seed is presumably a result of the 
hard-coatedness and not of bad after-ripening of the seed. Apparently the age of the 
seed has no influence since analogous results were obtained in preliminary investig- 
tions with freshly-harvested seeds. The favourable effect of sulfuric acid may be 
scribed to the scarification of the seed coat, thus reducing its resistance. There is no 
xplanation for the harmful effect of the cold; it ís as if the vitality of the seed decreases 
o such an extent that the resistance of the seed coat can no longer be overcome. The 
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results of the combined treatment sulfuric acid and cold are in accordance with this 
assumption. 


TABLE 2. INFLUENCE OF SHORT-DAY TREATMENT (8 HOURS LIGHT FOR 6 WEEKS) ON SEEDLINGS OF 
DIFFERENT SIZE. PERCENTAGE OF CLEARLY GENERATIVE PLANTS ON THE NUMBER OF DAYS 
INDICATED AFTER SHORT-DAY TREATMENT. PER TREATMENT 30 PLANTS WERE USED 


ii Number of days 
Ee: after end of 
et treatment 
En ke Zi 30 40 50 60 80 | 100 
Variety and B 
number of 5 
trifoliate leaves Pe 
Climax 3 0) 0 0) 3 5 10 24 
5 | 0) 0 22 45 54 64 67 
| 7 0 66 86 100 100 100 100 
9 21 81 81 9% 100 100 100 
Jucunda 3 0 0 5 jo) 10 10 10 
5) 0 IS 44 59 88 94 97 
7 0 55 90 98 100 100 
9 0 fil Sl 81 96 9% 9% 
Deutsch Evern 3 0 9 14 37 45 45 Ue 
5 0) 56 67 97 97 100 100 
7 13 86 90 93 96 100 100 
9 24 72 192 100 100 100 100 


From table 2 it is clear that seedlings with 3 trifoliate leaves are generally too small 
to be affected by a short-day treatment. In the case of Deutsch Evern a fairly high 
percentage of the plants with 3 trifoliate leaves comes to flowerbud-formation, but in 
the case of 5 and more trifoliate leaves the flowerbud-formation proceeds at a far 
greater speed. The most favourable size of seedlings is for Deutsch Evern the 5-7 
trifoliate-leaves-stage, and for Climax and Jucunda the 7 trifoliate-leaves stage, as a 
large number of plants then reaches the flowering-stage within not too long a period. 


TABLE 3. AVERAGE NUMBER OF DAYS FROM APPEARANCE OF THE FIRST FLOWERBUD TILL THE OPENING 
OF THE FIRST FLOWER AND TILL THE RIPENING OF THE FIRST FRUIT 


as Number of days flowerbud Number of days flowering 
Ml to flowering to ripe fruit 
Clihaxrtranbr en Hete 21 48 
Tucundane ere ie 15 49 
DeutschE vern ee 12 47 


The figures of table 3 are valid for the conditions under which flowering and fruit- 
ripening in this experiment took place, i.e. they hold for the months of September, 
October and November. 
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TABLE 4. GERMINATION OF THE FRESHLY-HARVESTED SEED OF THE FRUITS OF SEEDLINGS RAPIDLY BROUGHT 
TO FLOWERING. THE SEED WAS TREATED WITH SULFURIC ACID 


vans Germination percentage 
51 days after sowing 
CTA Ere EN 41 
VUCUN AME 71 
DeutschEvennmennn nnn 66 


From a comparison of table 4 and table 1 relative to sulfuric acid treatment it 


appears that the freshly-harvested seed of the seedlings induced to rapid flowering in 
this way, possess normal germination capacity. 


4. DISCUSSION 


From the results described in this article it appears that through a combined seed- 
and plant-treatment the life-cycle can be shortened considerably. The earliest date of 
flowering in our experiments was reached 158 days after sowing. Some seedlings of 
Deutsch Evern that had 5 trifoliate-leaves at the beginning of the short-day treatment 
were involved. The length of the total life-cycle will depend on the demands made on 
the germination percentage and the per cent of plants that reaches the flowering stage. 
Besides, the conditions during growth and during flowering and fruit-ripening will be 
of influence. If a demand of almost maximal germination and at least 70 % flowering 
is made, the following average duration of the life-cycle is obtained (seed treated with 
gulfuric acid and short-day in the case of 7 trifoliate leaves): 


Ô Deutsch 
Climax Jucunda Fen 

Number of days from sowing to size of 7 trifoliate-leaves . 116 116 116 
Sost davieatmen EME Abe ir A an a eee a ete 42 42 42 
Number of days from end short-day treatment to first 

Blamiedotd) bee Ee 40 40 30 
Number of days from appearance of flowerbud to flowering 20 15 12 
Number of days from floweringtoripefruit. ...... 48 49 47 
Bliotalnumberofidayse. ad ea en eee 266 262 2471 


This means a shortening of the normal life-cycle from 18-24 to 8-9 months. The 
plants which were brought to rapid flowering in the way described above, are not 
suitable for a complete evaluation of their characters that are of commercial im- 
portance. The method in the first place is a helpful means in the application of the 
method of repeated backcrossing. 


SAMENVATTING 


Versnelde bloei van aardbeizaailingen 


Ter verkorting van de generatieduur werd een combinatie van zaad- en plantbe- 
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handeling toegepast op zaden en daaruit verkregen zaailingen van Climax, Jucunda 
en Deutsch Evern. Van de toegepaste zaadbehandelingen gaf een koude-behandeling 
gedurende 16 dagen bij 3-5°C een zeer slechte kieming. Een behandeling gedurende 
8 minuten met H,SO, 96 % gaf een snellere kieming en een belangrijk hoger kiem- 
percentage. Zaailingen met drie drietallige blaadjes kunnen door korte-dag niet tot 
bloei geïnduceerd worden. Voor een effectieve korte-dag-behandeling moeten bij 
Deutsch Evern tenminste vijf en bij Climax en Jucunda zeven drietallige blaadjes ge- 
vormd zijn vóór de korte-dag-behandeling. 

Het vers geoogste zaad van snel tot bloei gebrachte zaailingen heeft normale kiem- 
kracht. 

Door een combinatie van zwavelzuurbehandeling van het zaad en een korte-dag- 
behandeling van de zaailingen zodra deze daarvoor gevoelig zijn geworden, kan de 
generatieduur verkort worden van 18 à 24 maanden tot 8 à 9 maanden. 
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ABSTRACT 


1. Some preliminary experiments are described with C,- and C3-generations of tetra- 
ploid Italian ryegrass. In all cases the tetraploids had a lower dry matter content 
than the diploids. 

2. A Cj-generation produced by mass selection equalled or surpassed the diploid 
mother strains in dry matter yield in some small experiments on several soil types 
in the first year. The tetraploids, however, were less leafy and showed reduced 
stands in the second year, even after a mild winter. 

3. By maternal line selection C‚- and C3-families were obtained which were more 
rapid in initial development and in spring growth, more winterhardy, more leafy 
and more resistant to fungus attack and to bad weather conditions than the 
diploid strains. Several families and a synthetic, based on some of them, produced 
more dry matter, both in the first and in the second year. 

4, Families selected on the basis of fertility and forage yield produced in a small 
experiment more spikelets per ear, more seeds per spikelet, a higher thousand 
kernel weight and a higher seed yield per m? than the corresponding values recorded 
for diploid strains. 

S. From the data available it is concluded that chromosome doubling offers favourable 
possibilities for the improvement of Italian ryegrass. 


1. INTRODUCTION 


Italian ryegrass is used in the Netherlands in pure stands and in mixtures for one- 
and two-years leys. The Dutch List of Varieties of Field Crops mentions 6 bred 
strains which are more leafy and more productive, persistent, and winterhardy than 
the commercial types. None of these strains, however, is decidedly superior to the 
others. The creation of more persistent and more hardy types would enable the 
farmer to take more advantage of the high productivity of Italian ryegrass. The 
realization of this procedure seems difficult at the diploid level. Chromosome doubling 
might increase the variability and offer new prospects for further improvement. 

Italian ryegrass is a diploid with a low chromosome number (n — 7); it is a cross 
pollinating crop and fodder production is more important than seed yield. According 
to experience these factors increase the chances of obtaining autotetraploids of 
sconomic value (5). 

Artificial tetraploids of Italian ryegrass were produced by SHALYGIN (6) by col- 
chicine treatment of 200 germinating seeds. He obtained 5 plants which were wholly 
yr partly tetraploid. Tetraploid seedlings showed a more compact habit of growth 
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and a darker colour of leaves and stems. They came into ear 1 to 2 weeks later than 
the diploids. Fertility was severely reduced, which may be partly due to inbreeding. 
As further Russian publications on this subject failed to appear, it may be concluded 
that no types were obtained which were more valuable than the original diploids. 

Increase in variability, however, can hardly be expected to occur in the first 
generation after chromosome doubling in material based on a very few initial C- 
plants. The first requirement for a program involving the selection of autopolyploids 
is the creation of extensive initial material, including types from various origins. 

Such a program was started in 1949, the main objective being to investigate whether 
polyploidy breeding of Italian ryegrass might offer sufficiently favourable possibilities 
to include the method in practical breeding. 


2. PRODUCTION OF TETRAPLOIDS 


Germinated and ungerminated seeds were immersed in colchicine solutions from 
0.05 to 0.4 % at temperatures of 18° and 29° C for } to 24 hours. The method was the 
same as described by Wir and SPECKMANN (Ìl) for Westerwolths ryegrass. The 
seedlings that had reacted to the treatment could be identified by a retarded growth, 
a darker green colour and broader leaves. Only aberrant seedlings were retained and 
seeds were harvested from aberrant mature C‚-plants only. From each plant 5 seed- 
lings were checked for chromosome number by root-tip smears (SPECKMANN, 8). 

Treatments of germinating seeds at 29° C with 0.1 % solution for 2 hours or with 
0.2 % solutions for 1 or 2 hours were most satisfactory from the standpoint of plant 
survival and incidence of polyploidy. From 480 seeds handled in this way 102 aber- 
rant mature Co-plants were obtained. Of the 75 progenies tested, at least 61 contained 
tetraploid seedlings. Apparently at least 81% of the selected C‚-plants and at least 
12.7 % of the treated seedlings were tetraploids or mixoploids. 

Between 1949 and 1951 in total 2,140 seeds were treated, belonging to seven 
different strains. These produced 410 aberrant mature plants; 184 were harvested for 
seeds and in 132 progenies tetraploid seedlings were found. So at least 72 % of the 
selected C‚-plants had been tetraploid in whole or in part. 


3. THE C‚-GENERATION 


Of the C‚-plants found tetraploid or mixoploid a great number of seedlings were 
raised and planted in the field. The C‚- families were surrounded by rows of a rust 
susceptible strain that was inoculated artificially. Rows of diploid seedlings were 
planted for comparison. At the end of the first year the most promising plants with a 
tetraploid appearance were propagated vegetatively. During the winter the clones 
were checked cytologically. As a rule they were tested for cold resistance in a freezing 
cell. By restricting cytological examination to the most valuable C‚-plants much 
material could be handled. 

‚ During the growing season the outstanding plants and clones were scored for 
vigour, regrowth, disease resistance, and winterhardiness. As part of the clones turned 
out to be diploid, a comparison of the scores of tetraploid and diploid individuals gave 
an idea of the value of the C‚-tetraploids. Especially for regrowth and winterhardiness 


48 


Fi. |. SPIKES OF TETRAPLOID 
AND DIPLOID ITALIAN RYEGRASS 


2n 4n 2n An 


Fio. 2. Rows OF DIPLOID AND TETRAPLOID ITALIAN RYEGRASS 


F. WIT 


2n 2n 2n 4n 


Fig. 3. DIFFERENCES IN WINTERHARDINESS OF DIPLOID STRAINS AND TETRAPLOID FAMILIES OF 
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elatively more tetraploids than diploids occurred in the higher classes (Wir and 
SPECKMANN, 10). 


4. THE C3- AND C3-GENERATION 


a. Mass selection 


In the autumn of 1952 seeds from the first two groups of C‚-clones, originating 
rom two different diploid strains, were sown in broadcast plots on a clay soil, with 
eeds from the two original strains for comparison. The two tetraploid selections were 
lower in initial growth and in spring development, they had a thinner stand and were 
ess leafy than the corresponding diploid strains. In three cuts they yielded 2.8 % less 
lry matter. Yield was 14 % lower in the first cut‚ but 7.2 % and 7.9 % higher in the 
second and third cut respectively. 


In order to improve the shortcomings of the tetraploids, seedlings of both groups of 
Jones were selected for initial growth, tillering capacity, leafiness and spring develop- 
nent. Seeds were harvested from the best C‚-plants in the second cut and some small 
cale field trials were laid out in 1954 and in 1955. 

In broadcast plots of 9 m? on a dry sandy soil, the two Ene pleid selections out- 
ielded the diploid strains in green mass production by 14 % in the first year and by 
; % in the second year. There were no differences in crude protein content between 
he tetraploids and their corresponding diploids, but in five out of six cuts the tetra- 
sloids had a significant lower dry matter content than the diploids (Table 1). 


CABLE 1. DRY MATTER CONTENT IN DIPLOID AND TETRAPLOID ITALIAN RYEGRASS ON DRY SOIL 


% dry matter 1954 % dry matter 1955 | crude 
Strain 5 protein 
Ist cut 2d cut 3d cut | Ist cut 2d cut 3d cut 
‚B 2n 16.5 172, 12.9 20.2 27.6 15.1 10.4 
‚B 4n 14.6 14.9 11.6 18.6 24.8 15 10.5 
Cc 2n 16.9 17.8 12.9 2152 DRS 15.1 9.7 
c An 14.7 15.4 (Ul 17.9 29 15.9 9.4 
\nalysis of variance 
Variance ratio for 4n Ch Variance ratio for 4n 
Character versus 2n, F 1; 6 On versus 2n, F 1; 6 
1954 Ist cut 40.6++ 1955 Ist cut Str 
1954 2nd cut 86.8 T+ 1955 2nd cut 18Ssh 
1954 3d cut 120.0++ 1955 3d cut 18 


, or ++ means that the sample value of the variance ratio F exceeds the upper 1 or 0.1 percent point 
espectively. 


The dry matter content varied considerably in the successive cuts. Very low values 
vere obtained when the plots had to be mown during periods of wet weather. The 
igh values in the second cut of 1955 are caused by a high proportion of stems. In the 
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last cut the tetraploids had relatively more stems than the diploids. The dry matter 
yields are presented in table 2. 


TABLE 2. DRY MATTER PRODUCTION IN DIPLOID AND TETRAPLOID ITALIAN RYEGRASS ON DRY SANDY 


SOIL 
Dry matter yield pet plot in kg 

Srain 1954 1955 Total 

1st cut | 2deut | 3deut total Istcut | 2deut | 3deut total 2 years 

CB 2n 1.86 1.99 1.04 4.89 3.85 2.49 1.86 8.20 13.09 

CB 4n 1.78 2.08 0.99 4.84 4.08 DES 1.71 8.30 13.14 

Sc 2n 2.08 2D 0.91 5.1 4.20 2.63 1.74 8.57 13.68 

Sc 4n 2.00 HN) 0.97 Sel 3.60 2235 1.83 7.18 12.99 
Analysis of variance 

Character Variance ratio for 4n versus 2n, F 1; 6 


Driysmatternvieldil Sd mn re HK 0.14 
DPrivamattemyieldm: 95 a os 0.56 
Dryamattervieldl SAE IOS PE <1 


In the first year the tetraploids yielded 99 and 102 % respectively of the dry matter 
production of the diploids; in the second year these figures were 101 % and 91 %. 
The differences, however, were not statistically significant. 

The same selections were sown in replicated single rows of 3 m each, on clay soil in 
the spring of 1955 (Fig. 2). The average dry matter contents and the dry matter 
production are presented in table 3. 


TABLE 3. Dry matter content and dry matter production in diploid and tetraploid Italian ryegrass 
on clay soil 


p % dry matter Dry matter yield in kg Relative 
Strain en 
Ist cut 2nd cut Ist cut 2nd cut total oe 
CB 2n 22.8 18.7 0.92 0.49 1.41 100 
CB 4n 20.7 1745 0.97 0.59 1.54 109 
Sc 2n 23.4 19.5 0.77 0.49 1.26 100 
Sc 4n 18.4 16.8 0.84 0.61 1.45 115 
Analysis of variance 
Character Variance ratio for 4n versus 2n, F1; 10 

Piva atternviel Ns TC SOI 
Diyanattervieldn dieu 92+ 
Dry matter yield total. . . ... ERA Da Ne 13.6+ 
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In this case the tetraploids outyielded the diploids both in green matter and in dry 
matter production in the first year. The experiment was not continued into the second 
year as all rows had been completely frozen out during the winter of 1955/56. 

A third test was carried out in broadcast plots of 3.60 x 2.20 m in 4 replications 
on a moist sandy soil in 1955. A seed mixture of both groups of tetraploid clones was 
compared with a mixture of the 2 diploid strains. The tetraploid mixture made a 
better impression from the beginning; it outyielded the diploid in all three cuts in the 
seeding year, both in green and in dry matter (Table 4). 

During the winter of 1955/56 all plots were heavily damaged, the tetraploids being 
more winterkilled than the diploids. The unreliable yields in the second year are not 
recorded in the table, 


TABLE 4. DRY MATTER CONTENT AND DRY MATTER PRODUCTION IN DIPLOID AND TETRAPLOID ITALIAN 
RYEGRASS ON MOIST SANDY SOIL 


% dry matter Dry matter yield in kg per plot 
Strain 
Ist cut | 2nd cut |. 3d cut Ist cut | 2nd cut | 3d cut | total | relative 
| 
2n 13.1 ISR | 23m 3.40 2123 | 1.69 32 | 100 
4n 12 13.0 | 19.4 3.65 2.33 | 1.89 7.87 | 108 


Analysis of variance 


Variance ratio for 4n 


Character versus 2n, F 1;6 


%, dry matter 


Variance ratio for 4n 


Character versus 2n, F1;6 


Dry matter yield 


IsCmCUL 23.8 Ist cut 2 
2nd cut 131 2nd cut 4.2 
3d cut DAT 3d cut 2.6 

3 cuts 7.97 


Apparently the tetraploid mass selections were less winterhardy than the original 
diploid strains. In the rather severe winter of 1953/54, however, several progenies of 
open pollinated tetraploid clones were less seriously injured by frost than three 
diploid standard strains (Figs. 3 and 4). Therefore, chromosome doubling need not 
coincide with reduced winterhardiness; it should be possible by maternal line selection 
to obtain tetraploid strains that are at least as equally winterhardy as the existing 
diploid strains. 


b. Maternal line selection 


In 1954 space-planted progenies of open-pollinated C‚- and C‚-clones were estab- 
lished on a dry sandy soil in a 5 Xx 5 lattice square with 6 replications of 10 plants 
each. The 21 progenies were supplemented with 2 diploid strains and the 2 tetraploid 
mass selections. The experimental plot was surrounded by 2 border rows. 

In the first year scores were taken for yield and aftermath on a 1 to 10 scale, the 
highest figure representing the most desirable expression of the character. In the 
second year yield was determined in 3 cuts on a fresh weight basis. Some results are. 
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presented in table 5. A mathematical treatment of the data revealed no differences 
between blocks and between sub-blocks. Therefore the analyses were completed as if 
a randomized block design had been used. 


TABLE 5. AVERAGE PERFORMANCE OF SPACE-PLANTED TETRAPLOID PROGENIES IN COMPARISON WITH 2) 


DIPLOID AND 2 TETRAPLOID STRAINS ON DRY SANDY SOIL 


1954 1955 
Strain or family Yield score Fresh weight per row in kg Relative 
Ist cut 2d cut Ist cut 2d cut | 3d cut | total yield 
| 
| 
Diploid strains 5.30 6.75 1.18 5 | 0,53 3022 88 
Tetraploid strains 4.85 6.60 1.44 W/E) 0.50 3.67 100 
Tetraploid families 28) 6.84 (RSS 2 | 0.56 3.80 104 
Analysis of variance 
N Mean of 4n mass Mean of 4n Variance ratio of he EE 
Character selection families families, F 24; 120 RE 
selection, F 1; 120 
| 
Total yield 1955 3.67 3.80 7.00++ 0.58 


Analysis of variance revealed significant differences between the families, three 
being significantly more productive and three significantly less productive than the 
tetraploid mass selection in the second year. On an average the families produced 4 % 
more green matter than the tetraploid selections and 15% more than the diploid 
strains. Assuming that the tetraploids on an average had a 12 % lower dry matter 
content than the diploids, the tetraploid families will have produced 4 % more dry 
matter than the diploid strains and the 7 best families will have surpassed the latter 
by 22 %. From these data it would appear that by maternal line selection, tetraploid 
strains may be bred with a higher dry matter yield than the original diploid strains. 
Performance in space-planted rows, however, may not be the same as in solid 
seedings. 

Seed from 7 promising families, multiplied in 1954/55, was used for the establish- 
ment of some broadcast plots on sandy soil in the early spring of 1956. The tetraploid 
seed was compared with a mixture of the 2 diploid strains, both in monoculture and 
in a mixture with red clover. Net plot size was 1.1 x 4.0 m, number of replications 3. 
The seeding rate was adjusted so that the same number of viable seeds per plot was 
used for the tetraploid and the diploid selection. Both in the first and in the second 
year three cuts were taken. The results are presented in table 6. 


In comparison with the diploid plots, the tetraploids showed a more rapid initial 
growth and soil cover, a lower percentage of weeds in spring, a greener colour in 
autumn and a higher yield. In the first year they surpassed the diploids by 16 % in 
monoculture and by 10 % in the mixture. In the second these values were 2 % and 
10 % respectively. In total yield over two years the tetraploid surpassed the diploid 
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TABLE 6. PERFORMANCE OF A DIPLOID AND A TETRAPLOID STRAIN OF ITALIAN RYEGRASS ON MOIST 


SANDY SOIL 
Height in cm % weeds Dry matter yield in kg per plot 
Tips 8.6.56 Bosen 
| Dn bd | 1956 1957 2 years relative 
| 
2npurestand .... 3233 9 3.97 6.55 10.52 100 
4npurestand .... 38.7 5 4.59 6.72 11.31 108 
Pomistarern st 33.3 13m 3.97 6.60 10.58 100 
AR OUr en wan S. 39.0 9 4.38 18277 11.65 110 
Analysis of variance 
Variance ratio for 4n versus Variance ratio for mixture 
Character Ona versus pure stand, F 1; 6 

Heighton 8 June1956 ….... | 20.0++ al 
Percentage of weeds 8 June 1956 22.6 22.677 
Dry matter yield 1956 . . . . . RS <1 
Deymattervield 1957. … Sn 7.8+ 
Dry matter yield 1956 + 1957 . (le sl 


by 8 % and 10 %. The higher percentage of weeds and the lower relative yield of the 
tetraploids in the mixture in the first year may be ascribed to the lower seed rate. 

The experiments reviewed so far all refer to tetraploids originating from the first 
colchicine treatment with 480 seeds. In 1954 open pollinated seeds were harvested 
from new C‚-clones derived from a second colchicine treatment with 1,660 seeds. In 
April 1955 an experiment was laid out with open pollinated progenies from three 
groups of clones viz. the most promising original C‚-clones, selected C‚-clones derived 
from the former and the new C‚-clones. In selecting the last two groups the original 
Cy-clones served as standards. Freezing equipment was used to determine cold 
resistance. Only those clones were retained that equalled or surpassed the old tetra- 
ploids in vigour and in cold resistance. 

The experimental design was a 5 x 6 lattice with three replications of single drilled 
rows. Row length was 3 m. A diploid strain was included twice in each replication. 
Scores from 1 to 10 were taken for height on May 4th in 1955, for frost damage in 
April 1956, for leafiness in the second cut and for leaf colour in the last cut of 1956. 
Dry matter yield was determined in three cuts in both years. As a mathematical 
treatment of the data revealed distinct differences in soil fertility a correction had to 
be made. The corrected data are summarized in table 7. 


The tetraploid families showed a more rapid initial development than the diploid 
strain. Out of 28 families 23 surpassed the diploid in height on May 4th and 26 families 
outyielded the strain in all 3 cuts in the first year. On an average the tetraploids 
produced 19 % more dry matter, the difference being highly significant. There were 
also highly significant differences within the groups. The differences in yield between 
the three groups, however, were not significant. 

In the early spring of 1956 about 50 percent of the families appeared to be more 


53 


E.WIT 


TABLE 7. AVERAGE PERFORMANCE OF THREE GROUPS OF PROGENIES IN COMPARISON WITH THE DIPLOID 
STANDARD STRAIN ON MOIST SANDY SOIL 


levi Relative dry matter yield Enter. BA Deaf 

in May : 1 

1955 1955 1956 2 years hardiness colour 

MM ENE 

Diploid strain Sl 100 100 100 383 7.0 5.9 

Old C‚-families 6.0 121 106 115 5 5.9 6.4 
C3-families 6.0 ) 119 121 ahl 6.3 7.0 

New C‚-families 7.1 116 145 127 3.9 If 8.2 


Analysis of variance 


Variance ratio for 
4n versus 2n, F1; 58 


Variance ratio for 
4n groups, F 2; 58 


Variance ratio for 


Characters tetraploids, F 28; 58 


Dry matter yield 1955 . . . . 1.0 185 9,350 
Dry matter yield 1956 . . . . 4,34 1e ea 23 
Weafinessn dvn ne ee 83+ Wss <1 
BeaficolouG ne 41+ 88+ 41+ 


heavily damaged by frost than the standard. Recovery, however, was better and in 
the first cut only 6 families fell behind the diploid. On an average the tetraploids 
outyielded the diploid by 25 % in 1956 and by 22 % over the period of two years. 

The data in table 7 show that the selection in the successive stages has been effective. 
In comparison with the old C‚-families the C3-families produced more in the second 
year. They showed improved winterhardiness, leafiness, and resistance to fungus 
attack and bad weather conditions. The new C‚-families showed a more rapid initial 
development, about the same yield in the first year and a much higher yield in the 
second year. They were more winterhardy, more leafy and more resistant to discolor- 
ation of the leaves in autumn. On an average these families surpassed the diploid 
strain considerably in all characters examined. 


5. FERTILITY 


In 1952 seed production per ear in 24 C‚-clones varied from 21 to 145 seeds, seed 
production per plant from 2.5 to 35 g and seed production per m? from 17 to 230 g. 
Variations of 13 to 120 seeds per ear and of 0.8 to 5.8 seeds per spikelet were found 
in 37 C‚-clones in 1954. Apparently already in the raw tetraploids plants occur with 
about the same fertility as diploid Italian ryegrass. These observations led to the 
conclusion that reduced fertility would not form a serious problem in tetraploid rye- 
grasses (WIT and SPECKMANN, 10). Observations in later years support this opinion. 

In September 1954 seeds of the 7 families that seemed most promising in the first 
year, were sown for multiplication in single drilled rows of 3 m length. Row spacings 
were 30 cm, seeding rates 20 and 40 kg per ha. The experiment was laid out in du- 
plicate. The next year, shortly before the harvest, samples of 10 ears per row were cut 
and analysed. Some results are summarized in table 8. The average number in the 
central three spikelets of the ear was adopted as mean number of florets per spikelet. 
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TABLE 8. DATA ON FERTILITY OF FAMILIES OF TETRAPLOID ITALIAN RYEGRASS IN 1955 
0 ER Ok TE Tv Ae 


Number of | Number of Number of Thousand 
Family en spikelets per |_florets per seeds per kernel en PE 
ear spikelet spikelet weight Oee 
CARIS 98 DES) 9.2 4,4 3.98 163 
C‚ 124 105 9355 8.0 4.5 4.11 169 
GA 4 116 23.0 TORE 4.8 4.12 224 
GERA3 131 26.3 9,3 5.0 3.64 242 
Cr13 138 25.8 9.3 53 3.61 259 
Ge? 126 25.3 8.1 4.8 B 270 
EC: 87 106 23.3 8.4 4.5 3.76 ij 


Compared with the data mentioned in the literature on diploid Italian ryegrass the 
mean number of seeds and of spikelets per ear and the mean number of seeds per 
spikelet were surprisingsly high. SHALYGIN (6) mentions an average of 115 seeds per 
ear in separate diploid plants. HessiNG (3) found averages of 15 to 18 spikelets per 
ear in different families. SONNEVELD and EVERS (7) recorded for the annual type of 
Lolium multiflorum in a seed production trial 38 to 50 seeds per ear, 13.5 to 18.5 
spikelets per ear and 2.3 to 3.4 seeds per spikelet. In TRorL’s plants of L. multiflorum 
the number of seeds per 1,000 florets varied from 13.77 to 64.17 with an average of 
38.77 (9). In our experiment the range was from 47.5 to 58.9, with an average of 53.9. 
The thousand grain weights for diploid material vary from 2.0 to 2.4 g. In the sampled 
tetraploid ears they varied from 3.61 to 4.12 g, with an average of 3.83 g. 

The high values obtained with the sampled ears did suggest a high seed yield. After 
cutting the border rows the experimental plot of 25.2 m? produced 5,744 kg of cleaned 
seed. This would mean 22.8 kg per 100 square meter. The part sown with the highest 
seed rate yielded 24 kg per 100 square meter, that is 50 % more than a good seed crop 
of diploid Italian ryegrass and slightly more than the highest yield obtained by Evers 
and SONNEVELD (2) in experiments on seed production with Italian ryegrass in small 
plots. 


6. DISCUSSION 


The first experiment with bulked seed from selected C‚-clones revealed some weak 
spots of the tetraploids in broadcast plots when they were compared with the original 
diploid strains, viz. slower initial growth, a thinner stand, decreased leafiness, reduced 
winterhardiness and a slightly lower dry matter yield especially in the first cut. 
Several of these shortcomings were improved by mass selection in the next generation. 
Initial growth and dry matter yield in the first year rose above the diploid level and 
the tetraploids excelled in resistance to leaf discoloration in summer and autumn. 
However, they remained poorer in tillering capacity and winterhardiness and showed 
reduced stands in the second year, even after a mild winter. 

Progeny tests in space-planted rows revealed great differences between progenies 
of phenotypically equivalent C‚- and C-clones in the second year. Whereas the least 
productive families yielded 25 % less green matter than the diploid strains, the most 
productive yielded 53 % more. Apparently selection for phenotype, as performed in 
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mass selection, is a very unreliable method for the improvement of persistency and 
winterhardiness. 

‘From 7 families which seemed most promising in the first year, seeds were multiplied 
to form a syn-2 generation. In broadcast plots, both in pure stand and in a mixture 
with red clover, the synthetic was more rapid in initial growth and in soil covering 
and was less infested by weeds than a mixture of the diploid strains. Over the 2-year 
period it outyielded the diploids by 8 % in pure stand and by 10 % in the mixture. 
However, in the second year the production in pure stand was smaller than was 
expected from the results of the family test. This can be partly explained by the 
reduced vigour of syn-2 generations when compared with their syn-l (CORKFLL, 1), 
partly by the phenomenon that differences between families and strains tend to be 
smaller in massed seedings than in spaced plantings. 

When growing diploids and tetraploids as individual plants the latter may take 
more advantage of the available soil and space by their more rapid initial develop- 
ment and their bulkier growth. This may lead to erroneous expectations concerning 
their performance in mass seedings. Nevertheless the experiment has shown that real 
progress can be made in one generation of maternal line selection. 

The same conclusion can be drawn from the experiment in drilled rows. Progenies 
from C‚-clones surpassed those from their C‚-ancestors in several characters. However, 
the progenies from the new C‚-clones, carefully selected from a more extensive and 
varied C‚-material, were superior to these C3-families. They surpassed the diploid 
standard in initial development, in yield, in winterhardiness, in leafiness and in 
resistance of the leaves to fungus attack and bad weather conditions. 

It seems to be generally accepted that substantial results in artificial autoploids are 
not to be expected in the first generations and that in these generations no stringent 
selection should be carried out (JULEN, 4). The results of the above mentioned pro- 
genies of C‚-clones seem to contradict this conception. It must be considered, how- 
ever, that they refer to one experiment only and that weather conditions during the 
winter were somewhat exceptional. Seeds from the most promising families have 
been sown for multiplication in order to test whether the superiority will be main- 
tained in the next generation and will show itself also in mass seedings. 

However outstanding performances of tetraploids may be in forage production, 
they will have little practical value unless seed can be produced on a commercial 
basis. Therefore, already in the first phases of the breeding work care was taken to 
select not only for favourable vegetative characters, but also for fertility. Preliminary 
observations indicated a large range of fertility in C‚- and C‚-clones and the occurrence 
of tetraploids with the same fertility as diploids. Families selected on the basis of 
fertility and forage yield in a small experiment produced more seeds and more spikelets 
per ear, more seeds per spikelet and per 100 florets and a higher seed yield per m?, 
than the corresponding values recorded for diploid strains. 

Although small scale trials may give a flattering picture of yield, there are several 
reasons to suppose that very high yields can be obtained in practice. In the first place 
the sowing date in this trial was too late for optimal seed production in Italian rye- 
grass. Sowing at an earlier date might have increased the formation of fertile tillers. 
The number of culms was relatively low. In the second place the row width and the 
seeding rate used may not be optimal for tetraploid Italian ryegrass. In the third place 
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seed production capacity of these third- generation tetraploids may be considerably 
improved by rigorous selection. In our experiment the most productive family yielded 
66 % more than the least productive. 

Tetraploids have to be sown at a higher seeding rate than diploids. A high seed 
yielding ability of the tetraploid strains will be important in enabling them to compete 
with the existing diploid strains. 

In a previous paper (WIT and SPECKMANN, 10) it was concluded that “induced 
polyploidy may be a useful method for the improvement of ryegrass if only the right 
genetic combinations and the proper agricultural environments are found”. The data 
presented above strongly support this conclusion. The genes for increased forage and 
seed yielding ability seem to combine easily. Tetraploid strains of Italian ryegrass 
might be introduced in practical agriculture in the near future. 

Such strains may require special methods of management and special mixtures if 
the best results are to be obtained. In the writer’s opinion they may not stand close 
grazing and cutting as well as diploid strains. With the same quantity of seed and the 
same laboratory germination percentage, plots sown with the present tetraploids 
form a more open sward than those sown with a diploid strain. Under certain con- 
ditions this may be an advantage as it offers more place for the other components of 
the mixture. 

In the multiplication and maintenance of tetraploid strains stress should be laid on 
isolation from diploid ryegrasses as these will contaminate tetraploid crops. Some 
preliminary experiments showed that diploids and tetraploids intercross to produce 
triploids. In general these are not inferior to the tetraploids but they produce viable 
pollen and viable seeds, which yield aneuploids. The latter may be inferior in vigour 
and in seed production. 
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SAMENVATTING 


Tetraploid Italiaans raaigras (Lolium multiflorum Lam.) 


1. In enkele proeven op kleine schaal met C‚- en C3-generaties van tetraploid Italiaans 
raaigras hadden deze steeds een lager gehalte aan droge stof dan het diploide uit- 
gangsmateriaal. 

2. Een door massaselectie verkregen C;-populatie gaf in enkele proeven op verschil- 
lende grondsoorten in het eerste jaar een hogere produktie aan droge stof dan de 
uitgangsrassen. De tetraploide selectie was echter minder bladrijk en vertoonde 
het tweede jaar een hollere stand, ook na een zachte winter. 

3. Door familieselectie werden C‚- en C3-generaties verkregen die de uitgangsrassen 
overtroffen in beginontwikkeling en voorjaarsgroei, in winterhardheid, in blad- 
rijkdom en in resistentie van de bladeren tegen bladziekten en verbruining ten- 
gevolge van ongunstige weersgesteldheid. Verschillende van deze families en een 
populatie verkregen door vermeerdering van enkele families produceerden zowel in 
het eerste als in het tweede jaar meer droge stof dan de diploide uitgangsrassen. 
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. Families, geselecteerd op grond van de fertiliteit van de moederkloon en van de 


opbrengst in een nakomelingschapstoetsing, gaven in een zaadwinningsproef meer 
pakjes per aar, meer zaden per pakje, een hoger duizendkorrelgewicht en een ho- 
gere zaadopbrengst per m? dan in de literatuur voor diploide rassen wordt vermeld. 


„ Uit de tot dusver verkregen resultaten wordt afgeleid dat chromosomenverdubbe- 


ling gunstige mogelijkheden biedt voor de veredeling van Italiaans raaigras. 
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ÄBSTRACT 


This article gives a report on the breeding, the distribution, the productivity and 
the seed sale of the most important varieties of wheat, rye, barley and oats grown in 
Austria. The history of cereal breeding in Austria demonstrates the importance of the 
extensive use of local varieties (Landsorten) and of modern breeding methods, in- 
cluding polyploidisation and X-ray mutation, for the progress in developing adapted 
varieties. The history and the contents of the Governmental Rules for the Registration 
of Varieties (Österreichisches Zuchtbuchgesetz) are outlined. The widely varying 
climatic conditions (four climate zones) and the differing types of soil require a relatively 
large range of varieties of specific adaptibility. The breeding objectives are first of all 
yield and quality, then resistance to frost and drought combined with earliness in the 
more continental climate zone and resistance to stem rust, loose smut and mildew in 
the three zones with higher precipitation. The seed sales of wheat varieties with a 
genotypical high baking quality is supported by a governmental allowance, which 
helps to increase the acreage occupied by these varieties. Apparently the stress laid 
on high baking quality in wheat and on a specific brewing quality in barley makes the 
progress toward high yielding varieties in Austria more difficult than in other coun- 
tries, especially since cereal breeding is almost exclusively done by private and 
cooperative establishments. 


1. INTRODUCTION 


This article gives a report on the varieties of wheat, rye, barley and oats developed 
and grown in Austria. 

The development of cereal breeding since 1900 will be treated only in so far as it 
helps to make the present situation clearer. Many varieties which were developed in 
this period but have now been superseded by others are therefore not mentioned, and 
many stages of the breeding work, which were important at the time, will be mentioned 
only incidentally. 


2. CLIMATIC CONDITIONS 


Since the widely varying climatic conditions in Austria have a great influence on 
the distribution of cereal varieties and make special demands on the breeding work 


they will be treated more extensively. 
Within the territory of Austria four climate zones can be distinguished (DRAHORAD, 


4) which, however, only partly correspond to four variety-regions, since the quality 


1 Dr., Lecturer in Plant Breeding at the University of Agriculture at Vienna, Austria; Geneticist 
and Ebreal Breeder at the Probstdorfer Saatzucht Station, N.Ö. 
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and composition of the soil is homogeneous within none of these climate zones. 
Especially in the Alps and their foothills, very divergent agricultural conditions pre- 
vail within limited areas. 


(1) Pannonic climate zone; comprising Eastern Lower-Austria, Vienna and Burgen- 
land; Elevation 400 m; precipitation 400-600 mm; 70-80 frost days per annum; very 
cold winters but with little snow, the transition from winter into spring being rapid; 
in summer, heat-waves and thunderstorms occur; heavy and continuous winds 
enhance evaporation. 

In this zone some 50 % of the wheat, rye and barley areas are situated. The re- 
quirements for successful varieties are therefore first of all, frost- and drought 
resistance, early development in spring and early maturity; whereas the resistance to 
fungicidal diseases is of less importance. The gluten content of the kernels in this 
semi-continental climate is on an average higher than in other climate zones. In this 
pannonic zone almost exclusively Austrian cereal varieties are grown. The optimal 
seeding rate for winter wheat, which is on an average 180 kg/ha, is some 10 to 20 kg/ha 
more than in the transitional zone (ZWEIFLER, 44, 45). 


(2) Transitional zone between pannonic and baltic climate zone. 


(3) Baltic climate zone; comprising the Northwest of Lower-Austria, Upper- 
Austria and the Northern part of Salzburg. Elevation 450-900 m; precipation 800 
1,600 mm; 90-120 frost days per annum; heavy snowfall in winter; the transitions 
from one season to another are smooth and the sparsely occurring heat-waves in 
summer are alleviated by a higher moisture content of the air. In this zone German 
varieties prevail. 


(4) Alpine climate zone; elevation of the cereal areas 800-1,600 m; precipitation 
800-2,200 mm; up to 140 frost days per annum. The growing season lasts 5 to 7 
months; the differences between night- and day-temperatures are very marked. 
Cereals are predominantly grown in the valleys, which are influenced by wide variations 
in altitude, wind and radiation, so that specific minor climates occur. MAYR (17, 18) 
gives a detailed description of these conditions for the Tirol and Salzburg. Disease 
resistance, resistance against sprouting in the ears, early maturity and snow-hardiness 
are the most important requirements of cereal varieties in the alpine zone. 

The data given in table 1 on temperature fluctuations and precipitation at four 
State Experimental Stations are about characteristic for the four climate zones 
mentioned. 

It is noticeable that at the four stations a maximum of precipitations occurs in 
summer, viz. in the harvest month of July. In the pannonic zone this maximum is 
reached on account of the rains of thunderstorms which mostly cause severe lodging 
and are of minor advantage for the plant growth. The tables 5, 6 and 10 to 13 present 
the average yield of cereal varieties derived from trials conducted for several years at 
these four Experimental Stations. Certain parts of Karinthia (Klagenfurt, table 1) 
and Styria do not fit in the pattern of these four zones. MAYR EE therefore gives a 
division into 10 zones for wheat growing. 
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TABLE |. TEMPERATURE AND PRECIPITATION OF SOME STATE EXPERIMENTAL STATIONS (MEANS OF 1901— 


1950) 
ine LE ET EN ET EE 
Temperature, mean of month 
Km by 
‘sperimental air from M Ele- 
Station at Fuchsen- ke of ie an 
bigl À 5) z 
es ke) 5 5 5 2 2 eò a = 5 ER 
nent ee ee Reeks 
{ 
asen bigl (0) —1.6 0.5 | 41 | 9.1 (14.9 [17.9 (20.0 (18.9 [15.4 | 9.9 | 42 | O1 9,4 147 m 
benegg 94 RO NESOES AOR ES AEN 3E60 MT 616 18.3 IT TEA NS SSS ISO 8.5 260 m 
bach 5 221 0" 160: 356 | 850 13:40 | 16.4: | 1850 17.1 13.4 850} 31e 0,5 8.1 366 m 
apenstein 180 SLOD ES Te 2 2 ARBO EO NONE TE ete 6.9 715 m 
senfurt 250 48 [2E | 35 1857 13.9 17.2 190 17.9 142 | 83 | 2.3 | 24 8.0 446 m 
Sum of 
Precipitation, sum of month (mm) year 
(mm) 
hsenbigl 0 29 | 31 33 42 ÓTS7, 70 63 5 50 45 43 576 147 m 
benegg 94 50 | 50 45 64 83 94 | 113 96 2 62 5 | 51 832 260 m 
bach / 221 SA Sl 44 66 89 | 104 | 133 | 105 74 58 SCE 886 366 m 
npenstein 180 63 50 50 | 62 | 104 | 110 | 145 | 137 98 77 50 69 | 1,015 715 m 
genfurt 250 42 | 40 54 | 78 ZL 13e IT SO 97 82 577 991 446 m 


The conspicuous variation in climate requires a corresponding distribution of 
cereal breeding stations and also a high specialisation of adapted genotypes. Since 
cereal breeding is almost exclusively practised by private and cooperative breeding 
stations, varieties of small sales have no chance and therefore a significant breeding 
objective is the adaptibility to various climatic conditions. 


3. BREEDING STATIONS AND ESTABLISHMENTS 


In the tables 5, 6 and 10 to 13 the names of the following breeding stations and. 
establishments refer to the figures presented in the column preceding the names of 
the varieties. 

The location of the breeding establishments is indicated in figure 1 (see page 62). 


Only those breeding firms have been mentioned which produce the varieties given in the tables. 
More details on the breeding firms can be found in publications by ADAM, BODEN, BOGNER, EDER, 
HABERL, Hess and ZwoBopa for the breeding firms 6, 3, 13, 14, 16, 11, 5 (Lit.: Berichte über die 
Arbeitstagungen der “Arbeitsgemeinschaft der Saatzuchtleiter” Gumpenstein, 1955). 


„ ABERHAM, K., Saatzuchtwirtschaft, Petronell Nr. 123, N.Ö. 
Bundesversuchswirtschaft Wieselburg a.d. Erlauf, N.Ö. 

Edelhof, N.Ö. Landw. Landeslehranstalt, Post Zwettl, N.Ö. 

. FLÜcxKIGeER, F., Saatgutwirtschaft Kunagrün, Pruggern a.d. Enns, Stmk. 
. Fürst Liechtensteinsche Saatzucht, Rabensburg/Nordbahn, N.Ö. 

_ Harrachsche Güterdirektion Prugg, Bruck a.d. Leitha, N.Ö. 

. Kärntner Saatbaugenossenschaft, Klagenfurt, Krassnigstrasse 45. 

. Kisuino, W., Zuckermantelhof, Strasshof, N.Ö. 

. Landesanstalt für Pflanzenzucht und Samenprüfung, Rinn, Tirol. 

_ Niederösterreichische Landeserziehungsanstalt, Korneuburg, N.Ö. 
Oberösterreichische Landes-Saatbaugenossenschaft, Linz. a.d. Donau, obere Donaulände 7/9 
(Zuchtstation Reichersberg). 

Osrr, O., Marienhof bei St. Pölten, N.Ö. 

PIATTI, A., Saatzucht, Loosdorf bei Mistelbach, N.Ö. 
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FIG. 1. CLIMATE ZONES AND BREEDING ESTABLISHMENTS IN AUSTRIA 
a Capitals of the states (Bundesländer) 
e The four most important State Experimental Stations: Fu — Fuchsenbigl, Gr — Gra- 
benegg, La — Lambach, Gu — Gumpenstein 
1-22: Breeding Establishments (see section: Breeding Establishments) 


14. Probstdorfer Saatzucht, Ing. H. Thavonat & Co., Probstdorf, N.Ö. 

15. Reininghaus, Saatzucht v. Mauern, Füstenfeldbruck, Oberbayern (Deutschland). 
16. Ritzlhof, Landes-Ackerbau und Obstbauschule O.Ö. 

17. Surrer, K., Saatzuchtwirtschaft, Petronell, N.Ö. 

18. Stift Melk, Saatgutstation Melk a.d. Donau, N.Ö. 

19. Stift Schlägl, Saatgutstation, Aigen, O.Ö. 

20. Wienberg, Gutsverwaltung, Kefermarkt, O.Ö. 

21. Wrieser, F., Bergland Saatgutzüchtung, Haus, Stmk. 

22. Lungauer Saatzucht und Saatbauvereinigung, Tamsweg, Salzburg. 


4. HISTORICAL REMARKS 


Cereal breeding in Austria was stimulated from three sides, i.e. private under- 
takings, the “Bundesanstalt für Samenprüfung” (State Seed Testing Station), Vienna, 
and the “Hochschule für Bodenkultur” (University of Agriculture), Vienna. 


(1) Private Establishments (500-5,000 ha) 

Towards the close of the 19th century private breeders tried to intensify their cereal 
growing by cultivating foreign varieties. These appeared to be too unreliable, however. 
This roused the interest for improving the indigenous varieties. Thus Dr. E. voN 
PROSKOWETZ of Kwassitz (now CSR) started the breeding of the barley variety Hanna. 
The initiative of the private establishments also led to the foundation of the first Seed 
Testing Station in Vienna in 1881 within the frame work of the Royal Agricultural 
Society. The first director of this station was Prof. Dr. A. VON LIEBENBERG. 
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(2) In 1890 reports were made on comparative trials of cereal varieties at the 
Viennese Seed Testing Station, which had become government-owned in 1895. After 
Dr. TH. voN WEINZIERL (1853-1917), it was Ing. G. PAMMER (1863-1940) who under- 
took the direction of the station. In 1888 Ing. PAMMER initiated the evaluation of 
cereals by specially designed trials. In his breeding work PAMMER exclusively im- 
proved local varieties by means of line selection and progeny testing. In 1954 as many 
as 5 winter rye varieties, 3 wheat varieties, 1 oat variety and 1 barley variety, all of 
them developed by PAMMER, were still listed in the Austrian Register of Varieties. 


(3) Prof. Dr. E. v. TSCHERMAK, the last surviver of the re-discoverers of the Men- 
delian laws, started cross breeding in cereals when he was director of the Plant 
Breeding Institute established in 1906 at the University of Agriculture (summarizing 
reports of the breeding work of VON TSCHERMAK: VON TSCHERMAK, 37; WUNDER- 
LICH, 40). Apart from the varieties Tschermak’s Veredelter Marchfelder Roggen 
(Tschermak improved Marchfeld rye) and Tschermak’s weisser Begrannter Winter 
Weizen (Tschermak’s white awned winter wheat), both selected from local varieties, 
three out of twenty cereal varieties developed by VON TSCHERMAK by cross breeding 
are still on the market, viz. Tschermak’s Zweizeilige Wintergerste (Tschermak’s two- 
rowed winter barley), Hanna x Kargyn Sommergerste (spring barley) and Znaimer X 
Tucson Sommerweizen (spring wheat). 

In 1901 VON TSCHERMAK published his first article (35) on cereal breeding, entitled: 
Über die Züchtung neuer Getreiderassen mittels künstlicher Kreuzung (On the 
breeding of new cereal varieties by means of artificial crossing). The following pu- 
blications (40 in all) on cereal breeding by VON TSCHERMAK (VON TSCHERMAK, 37) 
and also his chapter on correlations in cereals included in volume IV of the manual: 
“Die Züchtung der landwirtschaftliche Kulturpflanzen” (The breeding of agricultural 
plants), Berlin, Parey 1906, published by C. FRUWIRTH, E. VON PROSKOWETZ, E. VON 
TSCHERMAK and H. BRIEN were important contributions to the broadening and 
deepening of the knowledge about plant breeding in Austria and other countries. 


From 1900 onwards more Austrian farmers started breeding work. In most cases 
their work was supervised by members of the staff of the “Bundesanstalt für Pflanzen- 
bau und Samenprüfung’’ (State Research Station for Field Crop Husbandry and Seed 
Testing), so by PAMMER; later by Dr. F. DRAHORAD, who between 1925 and 1956 
worked on approximately 20 cereal varieties, and by Prof. Dr. A. BUCHINGER (Ke- 
fermarkter Roggen). 

In the second world war a Government Institute for Alpine Cereal Breeding was 
founded at Admont (Styria) under Dr. K. IsENBECK. Most of the breeding material 
of wheat was derived from the Institute of Plant Breeding of the University Halle. 
It was first treated by ISENBECK and later by Dr. E. LASSER. 

Out of this material and by a series of further crosses several winter and spring 
wheats resistant to stem rust have been developed (LASSER 15, 16). 

Since 1945 the initiative in cereal breeding has passed into the hands of private and 
cooperative establishments with the exception of the breeding work at Rinn under 
the direction of Dr. E. MAYR (Est.t No. 9). Now there is a large quantity of breeding 


1 Est. — Breeding Establishment. 
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material derived from a great number of crosses, most of them made after 1945 at these 
firms. The results of these crosses are already becoming manifest. Special breeding ob- 
jectives and methods applied are: resistance to bunt, to loose smut, to stemrust and to 
leafrust, in wheat (Est. No. 7), mildew resistance in barley (Est. No. 6, 9, 14), white- 
seeded wheat (Est. 13), productive types of the durum-form (Est. 6), earliness in winter 
wheat and two-rowed winter barley for the Baltic zone (Est. 11), short-strawed rye 
(Est. 6, 20), tetraploid rye (Est. 13, 20), inbreeding of rye (Est. 14), mutation experi- 
ments by means of X-rays in barley and wheat (Est. 11, 14). 

The Institute of Plant Breeding of the Agricultural University, Vienna, was joined 
with the Institute of Field Crop Husbandry in 1945. Under the direction of Prof. Dr. 
L. M. Korperz many investigations were made on physiological characters of cereal 
varieties, viz. on vernalization (HÄNSEL, 8), straw stiffness (WUNDERLICH, 39), dor- 
mancy (WEGMANN, 38, WUNDERLICH, 41), number of plants per unit area (KoOPETZ, 
12, SIMON, 34), shattering (WUNDERLICH, 42), cold resistance (HÄNSEL and WUNDER- 
LICH, unpublished). At present extensive crossing experiments are being conducted at 
this Institute in order to develop high yielding, short-strawed, awned wheats with a 
good baking quality suited to the Pannonic zone. The method used is the selection 
of recessive plants from a large F,-generation for special cases designed by KOPETz 
(13). Koperz (14) also developed a method to calculate the complete spectrum of 
genotypes for any number of independently segregating factors and for any F- 
generation of a cross of a selffertilizing species. 


5. THE AUSTRIAN ACT GOVERNING THE REGISTER OF VARIETIES (ÖSTERREICHISCHES 
ZUCHTBUCHGESETZ, 23, 47) 


The original administration of the Register of Varieties was in the hands of the 
“Society of Plant Breeding” which set rules for the protection of the ownership and 
the safeguarding of the seed quality commercialized by the seed ficms. This work 
above all can be credited to FRUWIRTE. In 1934 a decree relating to a Register of 
Varieties was proclaimed and the Register of Varieties of the Ministry of Agriculture 
and Forestry was officially enacted. In 1938 nearly all the varieties of the then valid 
Register were transferred to the Government List of Varieties (Reichssortenliste) and 
on 12 December 1946 the revised Austrian Register of Varieties. Decree (47) and 
Register of Varieties itself again became effective. In principle all native and foreign 
varieties can be listed in the register. The entry of a variety depends on the decision 
made by a committee of registration composed of representatives of the Ministry 
of Agriculture and Forestry, the Experiment Stations, the University of Agriculture, 
the Agricultural Boards and the Society of Austrian Plant Breeders. The administration 
is undertaken by the Experiment Station of Field Crop Husbandry and Seed Testing, 
Vienna. 

A variety can be entered as ‘““Hochzucht” if it is a newly bred variety (independent 
genotype) and if it represents an improvement in at least one valuable character when 
compared with the varieties already listed. Moreover it should not be in the trade at 
the time of introduction into the Register. 

A variety may be entered as “Erhaltungszüchtung’’(a) when itis already on the market 
at the time of inscription, and (b) when the breeder of the variety is unknown or cannot 
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be identified. In this case the agricultural value of the variety has to be established 
If it is possible to identify the breeder or owner of such a variety, his author- 
ization is required for registration. An “Erhaltungszüchtung’’ may be introduced 
into the Register for several breeding establishments. 

After one-year trial a variety can be listed as “bedingt” (restricted) and after four 
years as “unbedingt” (unrestricted). The entry of a variety as being restricted or un- 
restricted is published in the “Kundmachung der im Zuchtbuch für Kulturpflanzen 
eingetragenen Sorten” (Information on varieties entered in the Central Register of 
Varieties) which is issued annually. Introduction of unrestricted varieties may be con- 
tinued for four years. The variety can be deleted when its agricultural value falls 
short, when it is surpassed by new varieties and when the breeding establishment at 
which it was developed does not meet the fixed requirements. 


Since 1956 a “Sonderliste” (Separate List) was introduced in which varieties have 
been included 

(a) which are still admitted to seed reproduction and field inspection but whose 
deletion has already been decided, 

(b) which have not yet been entered into the Central Register of Varieties but 
which have already been admitted to field inspection, 

(c) which may be commercialized according to separate regulations although they 
are not represented by an Austrian breeding establishment. 


The breeding method to be used is not prescribed but in the case of entered varieties 
the offspring of separate plants have to be raised and it must be possible to prove the 
continuity of this maintenance procedure. The seed introduced into the trade is 
called “Original Hochzucht” or “Original Erhaltungszucht”’ and must not exceed the 
6th generation (6th generation — 7th year after selection of individual plants). 


TABLE 2. DISTRIBUTION OF CEREAL AREAS IN AUSTRIA 


Ii 
Winter | Winter | Winter | Spring | Spring | Spring Winter | Spring 


wheat rye barley | wheat rye barley Oats cereals | cereals Total 
| 


Cereal areas (in 1000 ha) 


LO Fo Bene EK 255 326 14 18 15 142 266 595 441 1036 
1944-1954 (mean). . HO 222 G 11 8 120 201 428 340 768 
WOS ES OE: 236 208 12 8 6 145 189 456 348 804 
ICAO BEER 242 208 13 E) 5 156 186 463 356 819 
1956inpercent .. . |29.5%/25.3% | 1.6% | 1.1% | 06% |19.0%|22.7% | 56.5 % | 43.5 % | 100 % 


Distribution of cereals over the states (Bundesländer), 1956 (in percent) 


Vienna, Lower Austria 63.5 61.1 40.0 47.3 21.1 76.0 51.9 61.7 61.5 62 
and Burgenland 

Upper Austria . . . 20.9 21.9 13.6 8.9 31.4 13.6 28.7 DLD ZN 2 

SEVER nek on ds 10.0 9.7 38.4 15.0 16.6 305) 11.9 10.6 8.3 9 

Other States .... 5.6 83 8.0 28.8 30.9 6.9 jd 6.5 8.7 8 


Erster Nachbau (once-grown seed) that is the harvested original seed may be 
commercialized on approval of the Ministry of Agriculture only. 
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TABLE 3. SEED SALES OF VARIOUS VARIETIES IN LOWER AUSTRIA (IN PERCENT) 
ee Sn Ge de en Nate 


Winter wheat Winter rye Winter barley ae Spring barley Oats 
B pn Ee, a 
oo SIA 8 Is 2 |A 5 EE EN En f 
5 E3 3 S ERK SIE 2 5 5) 5 k 
Ò || EN el 9 z IN sane ole Ps u + 
anp: AISIE le Eea Oek ERE 
el OPA EN OPE bu Ss 2® [SS 8 2 [SZ SE 
® ke ONE kT) reke rs PE EE Eed 4 a Im En BIES z 
Alg EBS ZIS IE IEC E|IE | sIsIE (BIL IEIN [ESI E ERIN 
olNlelsg ENEN SIE Ere B 2 Hol | 2 z si e) 5 mrs 
RCH ENKA Als S gels 52% 2145 Bells E else si 
ZINIBNSE EI: SIE ISEls 8 Sânsls 2 ares 8l4NSläjsl sies 8 
<IKISSZ AIAS E Esja & OEREIK SES) S Ops |ejrjd lesje 
1950/52 | 13/14) 8 1 12/37 | 13-10 | 9 | 2/29|| 43 | 43 14 
1951/47 | 21 | 11 5 1442) 90 8 7e 25320733 126 17 | 24 | 
LOSS SN ES LT ON 1148 | 14 | 7) 9| 7415 56 24-10 | 13 | 47 | 23 | 30 || 89 HI S52 | 4/3 
1953 NSA La RLON LON ED 1440) 15 50/10/17 13 | 554 1424) 10 SO A20) 889 2 AS Or GS RD 
1954| 42 | 14 [11 | 12 10) 2| 9|32| 22 | 411 | 20/1171 10} 8/11 33 531478 7 | 5 | 10) 41 OI 
195541 | 10 9 10/17 | 4} 945 | 16 PA 7127 Ai 56 16127 Is dij 140179 | 7188 | Sj 31 Aij SANDERS 
1956/39 | 4| 7| 3 |26|8|13||32| 7|2| 5|37|17/| 73 |12/14| 1/13 |78| 9/84) 4} 4} 8 64 [28 
1) Figures in brackets: number of other varieties in 1956 
TABLE 4. SEED SALES OF VARIOUS VARIETIES IN UPPER AUSTRIA (IN PERCENT) 
Winter wheat Winter rye Spring barley Oats 
EN 5 | 
s| 3 5 
ö Bonen ä 8 
> â 3) 8 LE g 8 S| [Ela 2ë 8 
2 Bene vs Erg 58 5 IE ö 
e) Ra (72) (2) "ad ais Le) Tre ee 
CARNENESEAKIE REE SEAN RSE ENE RKENEN EEE: 
4 SND UE OE SAE EN A EAO ES Ke ou Bie. OS js s|S 
EISA EIZ er BEONE EIMIISISNS SIS[EIAIOIË AIS L8IE 
1946) 69 18 LONS 38 | 14 | 48 2 Glen: 5 95 
1947) 62 15 13e 9 Pe SION ADEL 32 | 68 Si 63 
1948| 52 28 ee) 1 54241 1 20) 5 7148 | 20 27 67 
1949) 54 Sp.| 34 11 1 13 60 | 25 2 Sp. 44 4110 42 25 5) 
1950/ 60 4 | 27 Jaen, LON 22040 25e, Sp.| 91 2|\Sp.|-7 | Sp.| 19 66 
1951) 72 12anetS 1 | Sp. 33 33u13 NS 36/49 | 9| 6 Sp.| 25 51 | Sp. 
1952| 85 La 2 | Sp. 35 24/39 | 2 35/48/10 | 7 Sp.| 25 51 | Sp. 
1953) 70 | 1 SDI 2e lee Sne OARA 28 341 32| 5) 14/39 | 44 | 11 | Sp. 6 1 | 42} Sp.) 200005 
1954) 59 | 2 DANS Ó RON NEZ ONNA 22 ARID (47 | 38 | 10 Sl 3117 | 41 SON 
1955 SORT SNROANRES HIN O ed 4 || 29 451 20 | 4| 2/19 169 | 3 | Sp. 9 7126! 43219 
Sp. — sporadically 


The “register trials” necessary for the identification and description of varieties 
are conducted by the State Research Station and carried out by Dr. Nierscu (22). The 
independence of a variety may be certified also if in regard to secondary characters 
it is genotypically not entirely homogeneous. The evaluation trials carried out at 18 
places under the supervision of the State Experimental Stations, together with the 
trials set up by the agricultural boards, are decisive for the assessment of the cultural 
value of a variety and consequently also for the entry of new varieties into the Register 
of Varieties. This Register and all its constituent parts may be consulted by anyone 


interested. 
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The standards of purity and the germination power set by the seed inspection 
services have been formulated in a separate decree (48). The regulations for the 
inspection in the field were elaborated by the agricultural boards together with the 

State Research Station for Field Crop Husbandry (ScHOBER and ScHMIDT, 33). 


6. WINTER BARLEY (Table 5) 


TABLE 5. WINTER BARLEY' 


Yield in % of the varie- 
tal mean of the State 


= Experimental Station at: Year of intro- 
Ss duction in the 
ke E Variety JE Austrian Origin 
NE 2 : SI Register 
es! 2 3 Ss |Sâ of Varieties 
Be Sa En) 8 E58 
am LS | Oë EO 
6 Brucker Nr. 2 115(6) | 106(7) | 113(5) | 120(4) 1951 Sel. from local va- 
riety of the Banat 
6 | Brucker Nr. 3 109(6) | 106(7) | 114(5) | 122(4) 1951 Sel. from local va- 


riety of the Banat 
14 Tschermak’s two- | 104(8) | 106(9) | 95(5) | 115(7) before 1938 Cr. Kirsche Xx Kir- 


rowed sche X Hanna X 
Heines Riesen 
Immendorfer 91(7) | 90(8) | 91(5) | 947) | before 1938 Sel. from Friedrichs- 
Harriet werther Berg 
2) Wieselburger 91(6) | 94(8) | 83(5) | 74(7) before 1938 Cr. Kirsche x Knei- 
two-rowed fel K 13 


Varietal mean — 
100 % = c per ha 327) | 25(8)| 305) | 23(8) 


Explanations to the variety-tables No. 5, 6, 10, 11, 12, 13. 

In these tables only those varieties are included which have been tried for three or more years in at 
least one of the four State Experimental Stations situated in the four most important climate zones. 
The numbers 1-22 in the columns “Breeding Establishment” refer to the private and cooperative 
firms and plant breeding stations which according to the Austrian Register of Varieties are the 
owners of the varieties or have involved them in their breeding work and put them on the market. 
The average of each trial was fixed at 100 and no single variety was taken as a standard, since there 
is no variety suitable to serve as standard variety in all the climate zones. The actual yields of the 
varietal means are given in terms of c per ha — 100,000 g per 10,000 m?. The figures in brackets next 
to the yield percentages indicate the number of trial years. The yield percentages were computed by 
the author himself, from the annual “provisional information” of the State Research Stations at 
Vienna and Gumpenstein and therefore they bear no official character. A more detailed description 

‚of the Austrian varieties is given by NierscH (22) and PAMMER (24, 25). The year of introduction 
in the Austrian Register of Varieties refers to the “bedingte” (restricted) introduction and corresponds 
‚approximately to the year in which the variety was introduced into the trade. If the year of intro- 
| duction is put into brackets the variety concerned was deleted again between 1955 and 1957, or 
‘placed on the “Sonderliste”’ (Separate List) (see section: The Austrian Register of Varieties 
(decree). 

\_ The origin of the varieties refers to the indication in the official Register. Sel. means that the 
\ variety was selected from a natural population (Landsorte) and Cr. that it was developed by cross. 
| breeding. 

| 
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CEREAL BREEDING IN AUSTRIA 


In 1956, 13,000 ha, ie. 1.6 % of the cereal area in Austria, were covered with 
winter barley (Table 2). Because there is only a small area sown, the private breeding 
establishments do little work in winter barley breeding. The two-rowed winter barley 
raised by VON TSCHERMAK as far back as 1927 is still the most widely grown variety 
(Table 3). It represents a usual combination of the following characters; two rowed 
winter type of little vernalization requirement (HÄNSEL, 8), earliness, drought re- 
sistance and good brewing quality. In Germany it is grown under the name of Tscher- 
maks Wintergerste and in France as Orge Probstdorf. Before 1938 it was grown in 
Yugoslavia. In Austria (Est. 11,14), Germany, England and America it is used as a 
parent in the breeding for two-rowed winter barleys. Although it is not sufficiently 
winterhardy, it is more widely grown in Lower Austria and Styria than the more 
winterhardy four-rowed winter barley varieties Brucker Nr. 2 and 3 which are prone 
to lodging, however. 

In the Baltic climate zone the German variety Engelens Wieland (GUSENLEITNER, 
T) was prevalent until recently but itis now more and more being replaced by Engelens 
Dea and Strengs Domina. At present several new two- and four-rowed lines developed 
by Dr. N. Hess of the Plant Breeding Station Reichersberg (Est. 11), have been 
included in the official trials. There is some tendency in Austria to increase the area 
of winter barley. 


7. WINTER WHEAT (Tables 6-9) 


The greatest part of the cereals area in Austria is now covered by winter wheat, i.e. 
242,000 ha or 29,5 % of the total cereal area (Table 2). Some 63 % of this area covers 
the provinces of Vienna, Lower Austria and Burgenland, and therefore belong to 
the pannonic climate zone. As shown in table 7 there are among the winter cereals 
considerably fewer foreign varieties than among the spring sown cereals. In the case 
of winter wheat the ratio is 18 Austrian varieties to 3 German varieties named 
Tassilo, Hubertus and Taca. This can be explained in the following ways: 

(a) The selection and cross breeding programme is more intensive in winter 


cereals than in spring cereals, 
(b) the extreme continental situation of large wheat areas, and the abnormal micro- 


TABLE 7. NUMBER OF CEREAL BREEDING ESTABLISHMENTS IN AUSTRIA AND NUMBER OF NATIVE AND 
FOREIGN CEREAL VARIETIES LISTED IN THE AUSTRIAN REGISTER OF VARIETIES IN THE YEARS 


1937, 1948 AND 1957 


Year 


1937 
1948 
195775) 


Cereal 
Breeding 
Establish- 

ments 


Winter Winter Winter Spring Spring OI 
wheat rye barley wheat barley 
home) for- homel for- |home! for- home| for- |home/ for- \home) for- 
bred | eign | bred | eign | bred | eign | bred | eign | bred | eign | bred | eign 
14 1 16 — 5) mn 6 10 — 6 1 
6 1 11 — 3 — 5 — 5 — 3 = 
18 3 17 1 5 l 8 2 6 7 3 8 


1) Including the eight cereal varieties of the “Sonderliste”’ (Separate List) 
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climates in most of the alpine valleys require ecological types differing from those of 
Northern, Western and Southern Europe. 

(ce) The demands for milling and baking quality of wheat in Austria are higher 
than in other European countries. 

The breeding work in local varieties of wheat by VON TSCHERMAK, who as far back 
as 1915 (36) explicitly pointed out the necessity of the maintenance of land races and 
also the line selection out of local varieties by PAMMER, DRAHORAD, MAYR, and 
others resulted in a great number of winter wheat varieties which later frequently 
served as parents in cross breeding. The breeding station at Rinn even now grows an 
assortment of local varieties of alpine origin, viz. 164 spring wheats, 20 winter wheats, 
and 17 spring barleys (Est. 9). Among the winter wheat of this collection are the 
following types: Triticum aestivum var. ferrugineum, v. milturum, v. lutescens and 
among the spring wheat are the types: Tr. aest. v. erinaceum, v. icterinum, v. creticum 
and v. Wernerianum (MAYR, 20, p. 135-139). 

In 1940, 22 out of 33 listed winter wheat varieties were selections from local 
varieties and among these the variety Kadolzer, with 19,4 % of the winter wheat 
area, was the most widely grown (DRAHORAD and DiMITz, 5). In 1957 a third part of 
the listed Austrian winter wheat varieties were still selections from Austrian, Hunga- 
rian, Slowakian and Swiss local varieties. Noteworthy is the productivity of the two 
varieties Tschermak’s weiszer begrannter Marchfelder (white awned) and Korneu- 
burger Grannen (awned), derived from the same local variety of the Marchfeld. Under 
the intensive agricultural conditions of the State Experimental Station Fuchsenbigl 
these two varieties are outyielded only by the variety Stamm 101. In places with more 
extensive conditions, however, they rank first in various years. Their yield was im- 
proved through continuous selection, using the method of two or three year testing of 
single plant progenies. Both varieties are prone to lodging, however, and have, 
together with a satisfactory moist gluten content, to low a Berliner swelling factor 
(Qo). 

Of the 13 listed Austrian varieties developed by cross breeding, 4 have Hungarian 
parents and 4 originate directly from the cross Thatcher Xx Kronen. From the off- 
spring of Thatcher X Kronen brought from Halle to Admont by ISENBECK in 1939, 
LASSER bred the varieties Dr. Lassers Dickkopf, Reichersberger St. 39 and Admonter 
Früh and developed later by new crosses Dr. Lassers Hellkorn and Drauhofener 
Kolben (LASSER 15, 16). These varieties increased to a considerable extent the agri- 
cultural reliability for Karinthia and for some valleys in the Alps, but also for the 
border regions of the Alps and for the transitional zone. 

Table 6 shows the divergent ecological ranges of the different winter wheat 
varieties, whereby Stamm 101 demonstrates a marked zonal specialization. 

The distribution of the separate varieties in the various climate zones corresponds 
only partly to their average productivity in these regions. One of the reasons for the 
cultivation of less productive varieties is the support given by the agricultural boards 
and the Ministry of Finance to the price of “original’”’ seed of varieties which have a re- 
cognized good baking quality. Apart from the moist gluten content and the Berliner 
swelling factor, table 6 also presents the quality groups of winter wheat which serve as 
a basis for governmental allowances in the case of purchase of “original” seed. The 
results of this program for wheat of good quality are given in table 8, whereby the 
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increase of the seed sales of quality group I is mostly due to the increase in sales of 
the variety Stamm 101. Since it was not fixed how long this kind of support of varieties 
will be maintained, quality and yield should be taken into account on an equal basis 
when consideration is given to the development of new varieties of winter wheat. 
Undoubtedly this means some drawback in the breeding for yield as the lines with the 
best yields only rarely also meet the high quality demands, a tendency which is now 
also noticeable in other European countries. 


The mills are obliged to guarantee legally regulated allowances for consumption 
wheat when it surpasses the fixed average of 78 kg/hl by 2 kg and they can give an 
increasing discount in the case that the hl weight of the seeds lies 3 kg under the 
fixed average. An additional allowance has to be paid for consumption wheat if (1) 
the wheat purchased amounts to at least 10 tons consisting of a single variety and 
possess (2) a fixed minimal purity (less than 0.25 % rye) and (3) a moist gluten content 


TABLE 8. SEED SALES IN AUSTRIA 1953-1956 OF WINTER WHEAT, SEPARATED INTO QUALITY GROUPS 


1953 1954 1955 1956 
Quality group 3 
tons 0 tons 0 tons 0 tons 0e 
Wen ben ere ef 7 3,281 53 3,072 55 3,086 58 4,901 78 
U 2,864 47 2,468 45 2,192 42 1,392 22 
IED ied ete ee 6,145 100 5,540 100 5,278 100 6,293 100 
IRS IO tn 0 587 376 not registered 


TABLE 9. MILLING RESULTS OF AUSTRIAN WHEAT VARIETIES, 15% MOISTURE, AFTER 24 HOURS 
(SCHÄFER, 31) 


Winter wheat (Triticum aestivum) 
Kadol- | Austro- |Admon-| Stamm 
zer Bankut | ter früh 101 
Total ash content in % (Ganzkornasche %) ....... 1.80 1.78 ind, 1.88 
Blounrextractionun ’(Mehlantallk 0) 90 on Wee en an. 62.00 64.90 64.90 58.70 
Ash content of the flour in % of dry matter (Aschegehalt 
ORM Eenlesi STATE) ME A A ELEN AA RER 4 0.44 0.43 0.46 0.42 
Ash extraction figure!) (Aschewertzahl) ........ 709 677 708 IES 
Semolina extraction in % (Griessanfall %) ....... 65.70 65.70 65.70 66.30 
Degree of semolina reduction in %?) (Auflösbarkeit %) . . 67.90 72.30 69.10 64.00 
Bran from breaks in % (Schrotkleie: %) . . …..-..…- 16.90 17.00 13.80 17.00 
Starch content of bran in % (Stärkegehalt d. Schrotkleie %) 21.50 21.00 16.50 23.20 
Bran from reduction system in % (Griesskleie %) .... 21.00 18.20 21.30 24.30 
Power consumption in kW (Leistungsbedarf inkW) ... 0.17 0.14 0.15 0.16 
1) Ash content of Boen Gn dry matter) 1000 
flour extraction in % 
2) Flour from the reduction system ere 


total semolina extraction 
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of at least 25 % combined with a Berliner swelling factor of Q, = 10 or more. The 
quality value (“Wertzahl”) composed by twice the moist gluten content plus three 
times the Berliner swelling factor should surpass 103. The milling quality of the four 
Austrian varieties Austro Bankut, Admonter Früh, Kadolzer and Stamm 101 are 
qualified as very good (table 9) by SCHÄFER (31). 

The four most widely grown winter wheat varieties (Tables 3, 4) in Austria are: 

1. Loosdorfer Austro Bankut (Triticum aestivum var. erythrospermum), which owing 
to its satisfactory winter hardiness, earliness, good milling and baking quality is 
grown in the Pannonic and transitional zones, in spite of its not very high yielding 
capacity. It is also suited to alpine valleys. Its moist gluten content varies between 
47 % and 20 %, its Berliner swelling factors between 21 and 5 (of 260 samples from 
field crops 1955, 1956 in Austria, according to WALTL, unpublished). As long as 
chemical methods for the improvement of the gluten quality are allowed ín Austria 
it will remain the wheat variety preferred by the mills. Ifs medium-long straw is 
rather elastic. It is susceptible to black and brown rust, somewhat susceptible to 
loose smut and slightly susceptible to bunt (PicHreEr, 30). It has an outstanding 
resistance to sprouting in the ear. 

2. Stamm 101 (Zr. aest. var. lutescens). This variety is almost exclusively cultivated 
in the Pannonic climate zone where it is prevalent on good soils because of its high 
yield, in spite of its moderate winterhardiness. Its moist gluten content fluctuates 
between 31% and 17 %, its Berliner swelling factor between 31 and 18 (of 67 samples 
from field crops 1955, 1956) Its good yielding capacity in the Pannonic zone is due to 
a high number of ears per unit area combined with a high 1,000 kernel weight. Its 
straw-stiffness is rather poor. It shows some resistance to brown rust and mildew and 
is somewhat susceptible to loose smut and bunt. It is highly resistant against sprouting 
in the ear. In 1957 the variety Rekord will be introduced. It is a sister variety of 
Stamm 101, with a better straw strength and a higher stability of the chromosome 
set (HÄNSEL, FENZL and CzEIKA, 11; Rekord — 214/54). 

3. Tassilo (Zr. aest. var. milturum) predominates in the Baltic zone and partly 
in the transitional zone. The moist gluten content varies from 32% to 19 %, the 
Berliner swelling factor from 20 to 11 (of 174 samples from field crops 1955, 1956). 
Its winterhardiness is almost similar to that of Heine VII (MerNx, 21) and therefore 
not satisfactory for the Pannonic zone. Its straw strength is not always sufficient in 
the Baltic zone. The varieties Hav. 34 and Primus (Est. 11) which have a better 
yielding capacity have a poorer baking quality than Tassilo. 

4, Dr. Lassers Dickkopf (Tr. aest. var. lutescens) is widely grown in Karinthia, 
Styria, the alpine regions and in transitional zones, on account of its good lodging 
resistance, good baking quality, resistance to black rust (variety group 21) and loose 
smut (LASSER, 15) combined with good yield. Like Tassilo it is susceptible to bunt 
and Septoria. Its gluten content varies from 37 % to 17 %, its Berliner swelling factor 
from 30 to 10 (of 105 samples from field crops 1955, 1956). The Admonter Früh- 
Weizen, has about the same disease resistance and about the same baking quality 
as Dr. Lassers Dickkopf but ripens up to one week earlier. It is now gaining ground 
in the transitional zones. 
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8. WINTER RYE (Table 10) 


The rye area covering 208,000 ha in 1956 (—= 25.3 % of the total cereals) was only 
little smaller than the wheat area (29.5 %). There is some tendency in rye growing to 
be decreased. 

The classification of the variety groups according to climate zones is particularly 
clear in the case of rye (PAMMER, 24), whereby the local varieties of these climate zone 
served as the initial material for the new varieties. In 1903 G. PAMMER (26) developed 
the Melker rye from the local variety Wolfsbacher rye, which in 1940 with 22 % still 
was the most widely grown variety. Several new varieties adapted to special regions 
were developed from the Melker rye, viz. Marienhofer, Wieselburger and Hohenauer 
rye (Breeder: PAMMER), Lasseer rye (Breeder: DRAHORAD) and Kefermarkt rye 
(Breeder: BUCHINGER), the latter being particularly suitable for the rough sub-alpine 
zones. 


TABLE 10. WINTER RYE 


Yield in % of the varietal 
mean of the State Exp. 
Stations at 


Year of intro- 


MEE 
KD) 5 Í 1 GG 
5 Variety AAE duction in the Origin 
5 Eiche eens ne Austrian Regis- 
Z Lam- Ont |ger of Varieties 

Ar) sen- ben- Bach Gum- 

ES: biel | egg pen- 

Jed) stein 


14 Tschermak’s Veredelter 111(9) | 109(9) | 105(6) | 114(6) [| before 1938 Sel. from local variety of the Marchfel, 
Marchfelder 


5 Hohenager: … … … 108(9) | 98(8) | 106(6) | 111(8) | before 1938 Sel. from Melker-Roggen 
E7 Petroneller Tyrnauer … 108(9) | 101(9) | 104(6) | 107(8) | before 1938 Sel. from Slovakian local variety 
EL RTE EN 107(5) | 112(6) | 1074) | 71(6) 1949 | Sel. from Pirnaer and Probsteier 
(40) etermankter me we 102(8) | 100(9) | 1096) | 117(8) | before 1938 Sel. from Melker-Roggen 
ó Brucker Harrachroggen | 102(4) | 110(4) — — 1955 Kr. Petronell Tyrnauer x Petkuser 
HS WIN EE 100(8) | 97(9) | 99%6) | 898) | before 1938 Sel. from local variety in Lower Austri 
id @tterdacherne ne» 96(8) | 104(9) | 1066) | 97(8) | before 1938 Sel. from local variety of the Innvierte 
% Kärnten Mest is 92(4) | 86(5) | 90(4) | 1078) 1953 Kr. Lurnfelder x Petkuser 
3 Edelhofer men Eene — 104(7) | 100(6) | 104(8) | before 1938 Sel. from Champagner Roggen 
Kg Schielen err ot — — 96(6) | 108(8) | before 1938 Sel. from local variety of the Mühl 
| viertel 
21 Radstädter Bergland … — 83(4) | 87(4) | 102(5) 1955 Kr. Tauern x Petkuser 
22 Lungauer Tauern — — — 95(8) | before 1938 Sel. from local variety of the Lungau 
Varietal mean —= 100 % 
SCOT 30(9) | 25(9) | 25(6) | 22(8) 


1) Foreign variety 


In 1904 Tyrnauer rye (Breeders: PAMMER-DRAHORAD) and in 1930 two Marchfelder 
rye varieties (Breeder: VON TSCHERMAK) were developed from local varieties. They 
are winterhardy, early, drought resistant, have long straw, large kernels with a fine 
seed coat and possess a great ecological adaptability. They are mostly grown in the 
eastern plains of the Pannonic zone. In the alpine zone these two varieties often are 
less infected by Fusarium than pronounced alpine varieties. This however occurs 
‚_only when the seed of the alpine varieties is derived from reproductions infected with 
Fusarium and the seed of the Pannonic varieties is derived from reproductions free of 
Fusarium, raised in the Pannonic zone. However, they do not possess a Fusarium- 
resistance with a genetical background. The only Austrian variety with a genetical 


73 


HERMANN HÄNSEL 


resistance to Fusarium is the Lungauer-Tauern rye which is adapted to extreme 
mountain regions. (Breeder: PAMMER-DRAHORAD about 1930). The Karinthian local 
variety Lurnfelder winter rye is resistant to black rust. In years with little black rust 
attack this variety was inferior in yield to the susceptible varieties Schläger and 
Petkuser by about 20 %. In years with a heavy black rust attack it outyielded Schläger 
and Petkuser rye by 25 %-45 % (Aursrss, 2). The Chrysanth Hanser rye entered in 
1955 is a selection from the Lurnfeld local variety and is highly resistant to rust. 
Dr. Lasser’s Kärntner rye (Lurnfelder x Petkuser), the breeding of which was star- 
ted in 1939, shows also some resistance to rust. 

Petkus rye covering about 1 % of the rye area in 1940 has become more significant 
in the last few years mainly because of its short straw especially in the transitional zone 
and in the Baltic zone (Tables 3, 4). A promising short-strawed rye for the Pannonic 
zone is the Brucker-Harrach rye (Tyrnauer x Petkus Kurz, ADAM, 1). The more 
recent rye crosses are mostly all crosses between locally adapted land races or crosses 
between varieties selected from local varieties and Petkus short. 

Several attempts were made in Austria to produce tetraploid rye. The Bolsunow or 
Mutterkorn-rye developed by BoLsuNow was listed in 1953. It is derived from Petkus 
rye and is particularly suitable for the production of ergot (Claviceps purpurea). The 
Loosdorfer tetraploid rye (Est. 13) was produced by artificial polyploidisation of 
Melker rye and is somewhat earlier than Petkus tetra rye. The Kefermarkter Tetra- 
Kurzstroh (Est. 20) was produced by polyploidisation of an F, (local variety x local 
variety). 

The tetraploid rye varieties have been under trial for too short a period to be assessed 
for climatic adaptability and reliability. They appear to be more reliable in moist 
areas than in dry ones, and gave very high yields in some isolated trials. 


9. SPRING BARLEY (Table 11) 


In 1956, 156,000 ha, i.e. 19 %/ of the total cereal area in Austria, were covered with 
spring barley. That is 3 % less than the area of oats; but there is a tendency to in- 
crease barley growing. About one third of the spring barley produced in Austria is 
used as malting barley and two thirds as fodder barley. Nevertheless from its 
beginning barley breeding has been based almost exclusively on the improvement of 
malting barley. 

As far back as 1900, PROSKOVETZ of Kwassitz improved the early finely hulled 
local variety Mährens “Hanna” by means of line selection. In 1903 the improvement 
of the Hanna-barley was undertaken by VoN TSCHERMAK, at the instigation of 
PROSKOVETZ. The best lines were combined to the so-called ““Kwassitzer Original 
Hanna Pedigree Gerste” which, on account of its excellent malting qualities was 
distributed in Austria, Tschechoslovakia, Germany, Sweden and America. This 
variety was used as a parent in the breeding of 18 varieties grown at home and abroad, 
which have largely been surpassed by new varieties in the meantime. A cross with a 
barley type from Asia minor, made by VON TSCHERMAK, resulted in the variety 
Hanna x Kargyn, which in 1927 won the first prize at the international malting 
barley exhibition in London. 

Since 1925 the Hanna-barleys in Austria have been more and more replaced by 
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TABLE 11. SPRING BARLEY 


Yield in % of the varietal 
mean of the State Exp. 
Î Station at : 
5 Year of intro- 
8 Ë Variety Ad- Nn Origin 
5 Fuch- | Gra- | ram- | Mont |ter of Varieties 
ES) sen- ben- mda Gum- 
3 bigl | egg pen- 
na] stein 
13 Carlsberg II’) : 113(3) — — — 1955 Cr. Prentice x Abed Maia 
2 Heines Haha’) Ze 1114) | 106(5) | 113(6) | 105(7) 1954 Cr. Hanna x Hanna 
ï Donariall®) . . 8 1095) | 102(5) | 114(4) — — Cr. Donaria x JCP 
11 Ackermanns Bim) . . 106(4) | 110(4) | 114(4) | 123(5) — Cr. Binder x Isaria x Mehltau- 
resistente 
Tl Isaria Nova!) 106(6) | 109(6) | 110(6) | 109(8) 1949 Cr. (Heil x Danubia) x Isaria x 
Isaria 
7 Kärntner 3 . 104(4) | 993) | 102(4) | 105(4) — Cr. Bethge x Delze 13 x Heine 450 
21 Heines Pirol®) . . 104(4) | 111(4) ' 101(4) | 99(4) — Cr. Weihenst. Mehltaurensistente 1 
Morgenrot 
18 Loosdorfer Zaya .. . 102(8) — — 102(8) | (before 1938) | Sel. from local variety of Southern 
Bohemia 
) Mehltauresistente Barin | 102(7) | 1037) | 1027) | 1010) 1950 Cr. (Weihenstephaner G 2/162) 
d Heines Haisa*). . 101(5) | 112(3) | 107(5) | 107(8) 1950 Cr. Hanna x Isaria x Weihenstephe 
„| ner Mehltauresistente [ 
zÁ Violetta mn tess 101(3) | 105(3) | 108(3) — 1955 Cr. Haisa x Asiatische 4-zeilige 
14 Tschermak’s Hanna x 
IKareyn em. 99(9) | 97) | 95(6) | 92(8) | before 1938 Cr. Hanna x Kleinasiatische Kargy 
A Vollkorn 93(9) | 98(9) | 998) | 909) | before 1938 Sel. from Kneifel and Hanna 
i4 Weibull’s Rika’) . . 103(3) | 108(3) | 108(4) | 123(5) 1954 Cr. Kenia x Isaria 
ge Weibull’s Herta!) 110(4) | 102(5) | 109(3) | 118(5) 1954 Cr. Kenia x Isaria 
Bi Otterbachern nn. % — — 93(8) | 93(8) | (before 1938) | Sel. from local variety of the Innviert 
9 Sechszeilige Pumper — — 93(4) | 987) 1950 Sel. from local variety of the Montavo 
Varietal mean —= 100 % valley 
= Cper ha bt 33(9) | 310) | 32(8) | 299) 


1) Foreign varieties 


“Vollkorn” barleys of the Kneifel-type. They were selected from Kneifel-types by 
G. PAMMER and by other breeders. At prestent there are four breeding products of 
“Vollkorn”-barley which are almost indistinguishable and cover together some 
80 % of the barley area. The number of ears per unit area of ““Vollkorn”’-barleys is 
moderate to small. The response to an increase of the seed quantity from 150 kg/ha 
to 200 kg/ha is greater in “Vollkorn” barleys than e.g. in the variety Heines Haisa, 
when drilled at 12.5 or 15.5 cm (ZWEIFLER, 43). Their maximal production is some 40 
cwt per ha. The “Vollkorn”-barleys consistently have a good grading size and in spite 
of a relatively high nitrogen-content of 11-13 % they yield a high to very high malting 
extract. They are preferred to the German, Swedish and Danish varieties by the 
Austrian breweries. Even in the Baltic climate regions ““Vollkorn” barleys are grown 
primarily. In 1956 the seed sales of “Vollkorn” ranked first in Lower Austria with 
84 % and in Upper Austria with 69 % (Table 3, 4). 

The varieties Herta, Rika and Carlsberg have supplanted the ““Vollkorn”’ barleys 
in some areas, as a consequence of their higher yield and better straw stiffness. Of 
these varieties not even Carlsberg is officially recognized as a malting barley inconce- 
quence of its greatly fluctuating grading size. Up to 1948 no foreign spring barley was 
entered in the Austrian Register of Varieties; in 1957 7 out of 13 listed spring barleys 
are of foreign origin. 
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The variety Barin, which was developed by E. MAYyr at the State Breeding Station 
Rinn, Tirol, from a mildew-resistant line (A and D resistance) originally produced at 
Weihenstephan, was destined for the alpine region. The six-rowed Pumper barley, 
being improved at the same station for pronounced mountain regions, has only a 
local significance. The new varieties Violetta (Est. 7), Liechtenstein (Est. 5) and 
Probstdorfs Vienna (Mut. 4156, Est. 14, HÄNSEL and ZAKOWSKY, 10, 10a) are earlier 
than the Danish and Swedish varieties, at least equally valuable for brewing as the 
‘Vollkorn”’ barleys and exceed them in straw strength in yield by 10-20 %. Numerous 
new productive lines from the breeding establishments 6 and 14 possess the mildew 
resistance of the Weihenstephan-varieties against the races A and D and the mildew 
resistance of Hordeum spontaneum (Est. 14). 


10. SPRING WHEAT (Table 12) 


Compared with the northern countries of Europe the cultivation of spring wheat in 
Austria is very restricted. It amounts to about 1 % of the total cereal area. Since 1938 
spring wheat is decreasing but will probably show the inverse tendency in the next few 
years. In the Pannonic zone the yield of spring wheat may be as high as that of winter 
wheat in exceptionally moist years, particularly when it is possible to sow it very 
early (in February). In the Baltic zone and in Styria the spring wheat could become 
more important if it would equal winter wheat in milling and baking quality. The most 
widely grown spring wheat is Janetzkis Jabo, because of its good yield and straw 
stiffness. The trials of the last two years showed, that Weibulls Svenno equals Janetzkis 
Jabo in yield and straw stiffness and has a far better baking quality. 


TABLE 12. SPRING WHEAT 


Yield in % of the varietal 
mean of the State Exp. | 
Station at Ber- : 
ne E : Year of intro- 
d Moist | liner PE 
8 Variety Ad- |gluten”)/ Swel- peen Origin 
22 Fuch- | Gra- | ram- | mont | % ling ter of Varieties 
eers) sen- | ben- | bach | Gum- Factor’) 
8 s bigl egg pen- 
ml stein 
13 Janetzkis Jabo) 118(9) | 117(9) | 111(D) | 102(9) | 28.9 7.6 1948 Cr. Japhet x Bordeaux 
Janetzkis Früher 
7 Kärntner Grannen 105(4) | 107(4) | 106(4) | 114(3) | 29.1 18.9 1954 Cr. Thatcher x Hohenau 
14 Stamm A 105(9) | 102(8) | 93(6) | 9946) | 33.1 11.6 1950 Sel. from local variety 
Ì Karinthia 
14 Znaimer x Tucson 104(9) | 998) | 98(6) | 1047) | 28.1 19.3 (before 1938 Cr. Märischer x Kanac 
scher Sommerweizen 
7 Deli 98(4) | 102(4) | 96(4) — 29,7 16.7 1954 Cr. Thatcher x Wich 
en Früher Weihenstephaner 
11 Lichtis Weihenste- 97(4) | 109(3) | 113(5) | 117(8) | 28.9 19.4 1953 Cr. Garnet x Weihenst 
phaner!) phaner KJ. 
14 Probstdorfer Mani- 90(9) | 91(8) | 927) | 88(9) | 29.5 23.9 1948 Sel. from Canadian impc 
toba wheat 
Varietal mean — 
100 % = c per ha 25(9) | 249) | 27) | 24(9) 


1) Foreign varieties 


°) Two-to-three-year-mean of the State Experimental Stations at Fuchsenbiel, Grabenegg and Lambach 


(nach Fuchs 1954) 
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The older varieties Znaimer x Tucson (susceptible to loose smut, good 
baking quality) and Probstdorfer Manitoba (low yielding, very good baking quality) 
and the recently bred variety Stamm A (resistant to loose smut, prone to lodging) and 
also several black rust resistant and partly loose smut resistant varieties developed by 
LASSER are of local importance. 

Lichtis Weihenstephaner surpasses Janetzkis Jabo by 19 % in the alpine zone and 
Eglfinger Hohenstaufen by 10 % (PFEIFFER, 28; 19 trials at 8 different Experimental 
Stations). The variety Tiroler Frühe Binkel (Triticum compactum) selected from a 
local variety of the Defreggertal, is here and there grown up to an elevation of 
1,600 m (MAyRr, 20). The cultivation of spring wheat can be severely threatened by the 
stem fly (Chlorops taeniopus) in the alpine zone C (PFEIFFER, 29). 

Noteworthy is the soundly based breeding work of Dr. J. MADER and Ing. J. ADAM 
(Est. 6) set up to develop a productive spring wheat of the durum-type for the 
pannonic zone or to transfer the durum-quality into Triticum aestivum with high yield. 


11. OATs (Table 13) 


In 1956 the oat amounted to 186,000 ha i.e. 22.7 % of the total cereal area. It 
therefore exceeded the barley-area by 3,7 %. However, the trend in oat growing 
shows a slight decline and in barley growing a slight increase. About 5 % of the 
oats produced in Austria are utilized in food products. 

The first Austrian oat varieties were selections from local varieties. The variety 
Hirschbacher Oats, selected from a local variety of the Waldviertal, occupied in 1940 
22 % and the variety Kirsches Gelb 20 % of the area under oats. These two varieties 


TABLE 13. OATS 
Yield in % of the varietal 
mean of the State Exp. 
| E Ae Year of intro- | 
5 duction into th De 
E Varien ee origi 
ER Fuch- | Gra- | ram- | Mont |ter of Varieties 
ES) sen- | ben- | bach | Gum- 
98 bigl egg pen- 
EN stein 
11 Petkuser Flämings- 1097) | 111(8) | 111(7) | 110(8) 1949 Cr. F. v. Lochows x Oberschlesische 
treue!) Weisshafer 
20 Austria Weiss .. .. 108(8) | 105(9) | 104(8) | 107(6) 1950 Cr. Siegeshafer x Excelsior 
11 Rekord nin Et At 107(4) | 107(4) | 107(5) | 1093) 1955 Sel. from Endress Weiss (spontaneou 
crossing?) 

11 Endress Weiss’) 106(8) | 102(9) | 107(8) | 999) 1949 Cr. Endress Franken x Pflugs Früh 
14 Probstdorfer (Kirsches) 105(7) | 107(8) | 105(8) | 112(9) | before 1938 Cr. Goldregen x Dippes Überwinde: 
Gelb*) j Ë 

14 Probstdorfer (Kirsches) 104(7) | 97(9) [ 1047) | 999) | before 1938 Sel. from Swedish local variety 
Weiss!) ’ 4 

11 Mauerner Weiss’) 103(5) | 98(6) | 98(6) | 106(6) 1954 Cr. Peragis Xx Hohen. Weisshafer 
11 Heines Silber). . . . 94(4) | 104(5) | 106(6) | 10207) = Cr. Carsten III x Nopsä 

5) Edelhofefts at 93(5) — — 71(5) | (before 1938) | Sel. from local variety of the Wald 
| viertel 
19 Schlägler Weiss 87(6) — 93(7) | before 1938 Sel. from local variety at Schlägl 
116 Ritzelhofer Gelb . . 82(6) — 89(7) | 91(9) | (before 1938) | Sel. from local variety of Upper Austri 
| Varietal mean = — 100% 
| = c per ha en 29(8) | 31(9) | 308) | 25(9) 


1) Foreign varieties 
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are now the most widely grown oats in Austria (DRAHORAD and DiMITz, 5). 

The two white-seeded varieties Schlägler and Edelhofer, were selected from local 
varieties and developed before 1910. They are varieties for alpine and subalpine 
regions, and have weak panicles and large kernels. Schlägler is still listed in the 
Register of Varieties. VON TSCHERMAK tried to develop early oat varieties suitable 
for the Pannonic zone. His Frühhafer (Hungarian 60 days’ oats x Swedish Sieges- 
hafer) covered nearly 2 % of the oats area in 1940. Other varieties developed by Von 
TSCHERMAK were Tschermak’s Gelbhafer (Lochows Gelbhafer x Goldregen) and 
Tschermak’s Weiszhafer (Ligowo x Goldregen) and also a winter oat variety which 
was not winterhardy enough. 

In the alpine zone an attack of rust may cause a severe yield reduction in certain 
years. LASSER started breeding for rust resistance in 1947 at the Breeding Station 
Admont and PFEIFFER (27) followed him in erossing numerous susceptible German 
varieties with American varieties resistant to black rust and crown rust. The two new 
varieties of LASSER grown in Karinthia, Erno and Erla (R.L. 1273, Canadian Weiss- 
hafer x Flämingstreue) and Achieithner Weisshafer (Frank’s Industrie x Canadischer 
Weisshafer) possess a good resistance against rust and in years with a severe rust attack 
they exceed the most of the other varieties in yield. 

The majority of oat varieties cultivated in Austria are German varieties which through 
line selection extended over many years have been somewhat altered and adapted to 
special climate zones. They are Petkuser Flämingstreue, Probstdorfer (Kirches) Gelb 
und Weiss, Endress Weiss and Austria Weiss, the latter originally a variety bred by 
JANETZKI. Austria Weiss has a good straw stiffness, is medium early and shows 
adaptability to varying climatic conditions. 


12. CONCLUDING REMARKS 


In summarizing some general features of cereal breeding in Austria the following 
points can be mentioned: 


1. The germ-plasm of the numerous widely differing local varieties in the alpine 
valleys, the alpine border regions and the semi-arid plains of Eastern Austria has 
been used to full advantage by line selections over many years and the best lines 
were used as parents in cross breeding. 

2. Cross breeding, which at first was almost exclusively practised by VON TSCHER- 
MAK, at the Plant Breeding Institute of the Agricultural University, has been 
increasingly and extensively applied in the last 20-25 years and may have reached 
its peak in the last five years. This also holds in regard to the use of special breeding 
methods and specialization of breeding objectives. It is now almost exclusively 
being carried out by private and cooperative establishments. Apart from yield 
and climatic adaptation the most important breeding objectives were rust resistance 
in the alpine zone and baking quality and malting quality in the continental 
regions. 

3. The traditionally high evaluation of baking and malting quality and in this con- 
nection the stress laid on a good performance of the grains are due, (a) to the 
possibility of producing high quality in the principal cereal region (Pannonic 
climate zone), and (b) to the high demands of related industries and consumers. 
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Because of the emphasis laid on quality the varieties Austro-Bankut Winter- 
weizen, Tschermak’s zweizeilige Wintergerste, the “Vollkorn” spring barleys and 
also the Probstdorfer Manitoba Sommerweizen, which are considerably surpassed 
in yield by other varieties, could maintain their prominent position in the climate 
zones to which they are adapted. The trials of the last years lead to the expectation 
that these quality-varieties will become replaced by new Austrian varieties in the 
next 5 to 10 years. 

These new varieties will combine a considerable higher yield with an equal or 
slightly decreased baking quality in wheät and an equal or even better malting 
quality in barley. In the case of winter wheat this development already became 
effective by means of the increasing distribution of the variety “Stamm 101” in the 
Pannonic zone and Dr. Lassers Dickkopf in the alpine and transitional zone. The 
distribution of the new barley varieties is still in its first beginning. 
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SAMENVATTING 


De graanveredeling in Oostenrijk 


Dit artikel geeft een overzicht van de veredeling van tarwe, rogge, gerst en haver in 
Oostenrijk. Vele gegevens over het opbrengstvermogen van de rassen en de rassen- 
statistiek zijn in de tabellen vermeld. 

Uit het geschiedkundig overzicht blijkt dat in de aanvang vele rassen door selectie 
in landrassen werden verkregen, doch dat later moderne veredelingsmethoden (met 
inbegrip van polyploidie-veredeling en het opwekken van mutaties) werden toegepast. 

Een overzicht is gegeven van de geschiedenis van de rassenregistratie en andere 
wetten ter bevordering van de zaaizaadproduktie. 

Doordat in Oostenrijk vier uiteenlopende klimaat zones te onderscheiden zijn is het 
duidelijk dat dit tot gevolg heeft dat rassen met een specifiek aanpassingsvermogen 
nodig zijn. 

Het kweekdoel is ín de eerste plaats opbrengst en kwaliteit, vervolgens resistentie 
tegen vorst en droogte gecombineerd met vroegrijpheid in de meer continentale zone 
en resistentie tegen zwarte roest, stuif brand en meeldauw in de drie zones met meer 
neerslag. 

Van staatswege wordt de verbouw van baktarwes bevorderd door steun op de zaai- 
zaadprijs van bepaalde tarwerassen. De eisen voor de bakkwaliteit zijn hoger dan in 
andere landen (in Oostenrijk valt Tassilo in de kwaliteitsgroep IL, terwijl San Pastore, 


Etoile de Choisy en Heine VII wegens slechte kwaliteit niet toegelaten zijn!) Hierdoor 
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wordt het kweken op hoge opbrengst moeilijker. Bij gerst is hetzelfde het geval door- 
dat de brouwerijen zeer bijzondere eisen aan de brouwkwaliteit stellen. 


De graanveredeling in Oostenrijk geschiedt bijna geheel door particuliere en coöpe- 


ratieve kweekbedrijven. 
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ÄBSTRACT 


This paper is concerned with the consequences of variations in the quantities that 
specify a programme of selection based upon yields, and in particular with the overall 
intensity of selection, the manner in which this is compounded of fractions selected in 
successive seasons, the total area or other measure of resources expended upon field 
trials, the allocation of this total between successive seasons, and the total number 
of seasons or stages over which selection is spread. 


1. INTRODUCTION 


Improvement in the yielding capacity of an agricultural crop arising from the 
adoption of new varieties must involve three phases: the production of new strains 
or varieties, the testing of these in order to determine whether any are worth general 
adoption, and the multiplication of stocks of seed or other planting material for those 
so selected to an extent sufficient for commercial needs. The first is the province of 
the plant breeder; it may require the collection of naturally occurring mutants (or 
even of varieties and related species from other parts of the world), the artificial 
induction of new mutations, and the execution of a complex programme of crossing 
with the aim of combining desirable characters from various sources. Increased 
j_ knowledge of genetical theory, and improvements in techniques of applied genetics, 
| continue to add greatly to the power of the plant breeder and the extent to which he 
j_ can direct his efforts to specific ends. 

Although the plant breeder may bring together the right parents, he cannot 
guarantee that any particular seedlings in the progenies raised will be good. Knowledge 
| _of the steps taken to produce a seedling does not ordinarily permit any exact prediction 
| of its properties, which must depend upon the chances of segregation at many 
| different genetic loci. These can be determined only from trial, observation and 
| measurement, the new seedlings being compared with one another and with accepted 
| standards. For any species of crop plant in which a programme of breeding for 
| yield improvement is undertaken, the number of potential new varieties produced, as 
| seedlings that may be vegetatively propagated to form varieties or that may become 
| the parents of new varieties, will far exceed the number eventually found worthy of 
| perpetuating. Indeed, one index of the success of a plant breeder might be said to be 
the extent to which his products are discarded. Unless and until methods of con- 
 trolling segregations are devised, this apparent wastefulness is both inevitable and 
‚desirable, because it is a consequence of intensive selection of the few best: ceteris 
Ï paribus, the greater the number of alternatives available the more intensive and the 
more successful can this selection be. Nevertheless, the excess of new seedlings 
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produced must not be so great as to be beyond the resources of those responsible 
for the subsequent testing. An accumulation of varieties for testing and selection 
beyond the capacity of this second phase of the programme is a warning of imbalance 
in the distribution of research effort. 

The situation is complex, and particular species will present special problems: an 
‘annual cereal will not be judged in the same manner as a pasture grass or a tree-fruit. 
The importance of the particular, however, must not be allowed to conceal the 
existence of questions of procedure that are common to all plant selection and that 
even have analogues in animal selection. If progress with any one species is to 
approximate to the best that is possible for the total effort put into achieving it, the 
whole of plant breeding and selection for that species — from the first production of 
a seedling to either the commercial adoption of the variety or its ultimate rejection — 
needs to be conceived as a unity, with adequate coordination of effort between those 
concerned in its several phases. 

This paper is intended as a contribution to the integration of the selection phase, 
where many questions of statistical technique arise. The reader cannot fail to see 
that the further integration of aims and effort with the initial phase of breeding 
and the final comparison with established standards is equally desirable and presents 
still more difficult problems. 

Discussion of the most efficient procedures of selection introduces problems that 
certainly cannot be solved completely by statistical analysis, in part because of purely 
mathematical difficulties and in part because of lack of knowledge of numerical 
values appropriate to actual conditions and the impossibility of specifying the selection 
process with sufficient exactness for subsequent mathematical treatment. However, a 
greatly simplified model of a selection programme has been examined theoretically 
(FINNEY, 5), and the broad conclusions from this will be presented below. Despite the 
artificial rigidity of the model, it seems likely that the validity of the rules derived from 
it will not be seriously impaired by application to a more realistic model. Nothing in 
this paper implies a belief that effective plant selection can be conducted according to 
mathematical rules alone, for there will always be factors involved whose character 
defies exact mathematical specification. The personal judgement of the experienced 
student of varietal differences in a particular species is of inestimable value. Never- 
theless, as will be seen below, there are many points in a selection programme at 
which the experimenter is obliged to take a decision in numerical terms and to base 
his further actions on this; nothing can be lost, and possibly much would be gained, 
by using a theoretical analysis to provide objective reinforcement of his intuition. 


2. QUESTIONS OF NOMENCLATURE 


The artificially produced and maintained types of a plant species of economic im- 
portance whose major characteristics have been fixed by breeding, and which are in 
commercial use, are commonly referred to as varieties or strains, though many 
botanists would prefer the term cultivars. A statistician encounters some difficulty in 
discovering exactly what the plant breeder understands by a “variety”. Except for 
vegetatively propagated species, genetic identity of all plants constituting an accepted 
variety can scarcely be achieved, although the breeder may perhaps secure homo- 
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zygosity in respect of what he regards as the major factors. The word appears to have 
primarily an operational significance, denoting a population of individuals that, 
although doubtless heterozygous at many loci, preserve a close similarity from 
generation to generation, at least in respect of important characteristics, when treated 
as a closed breeding unit; in effect, a variety is that which can be distinguished from 
another variety and which preserves its type from one generation to the next. In 
practice, all seeds of a variety are likely to be descended from a single parent plant 
(occasionally, perhaps, a small group of closely related parents) raised by the breeder. 

Rather surprisingly, plant breeders appear to have no one word to describe the 
very much more numerous variants of a species that they first produce and then sub- 
ject to a process of selection such as is outlined in Section 5. These are the “potential 
varieties” or “potential cultivars”, initially single seedlings but subsequently small 
stocks of clonal material or of reasonably homogeneous seed that can if required be 
multiplied to meet the needs of commercial agriculture; most of them, however, will 
be discarded for unsatisfactory performance during the selection programme, and 
only the very few successes should really be eventually dignified with the title of 
variety or cultivar. 

In practice, the plant breeder usually refers to his material by names suitable in 
particular contexts and descriptive of its origins, such as “F; families”, “F, progenies”’, 
“E, selections’’, etc, but for this paper some simple general alternative is needed. One 
possibility would be to coin a special word, but, despite the objections, 1 propose to 
use the word variety for each of the entities under test throughout a selection pro- 
gramme, on the grounds of its general familiarity and in the belief that it can scarcely 
cause confusion. This paper is not concerned with the formal genetics of plant 
breeding, and the word is simply taken to include those selections of the breeder that 
may come to be regarded as of varietal status in the commercial sense in consequence 
of their performance under trial, although most of them will be rejected. There is 
indeed no reason why the argument of the paper should not be applied to even broader 
categories of planting material; for example, mixtures of seed of established varieties 
in several specified proportions could be regarded as themselves the “varieties” under 
discussion, the mixtures for each successive generation being constituted afresh from 
stocks of pure seed, if the possibility of a superior adaptability of mixed varieties to 
environment were considered worth investigation. 


3. VARIETY TRIALS 


By a variety trial will be understood a field-plot experiment for the comparison of 
any number of varieties, randomized and conducted according to recognized statistical 
principles of design. A plot may consist even of a single plant. Replication will be 


‚usual, but when seeds or plants of new varieties are scarce there may be only a single 
_plot of each. 


The design of any such trial will be assumed to be wisely chosen according to cir- 
cumstances, with particular reference to the number of varieties, the total area of 
land available, and the desired plot size. For a few varieties, it might be a randomized 
block or Latin square; for a large number, a lattice or other incomplete block design 
might be more suitable. All varietal comparisons will be supposed of equal interest, 
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so that the experiment is planned to give either the same variance for all comparisons 
or variances so nearly equal that an average value is good enough for practical 
purposes. Even if only one plot of each variety is grown, randomization will ensure 
equality of variance although estimation of that variance is not possible!) 

On most of the world’s important crops, many variety trials are performed annually. 
The present paper relates only to those concerned with the testing and establishing of 
new varieties for widespread use, and not with comparisons between a few well- 
established varieties (either as part of a complex experiment involving several factors 
or purely for demonstration). In reports of agricultural research stations and in 
scientific papers summarizing results of variety trials, emphasis is often laid on tests of 
statistical significance for differences in yield or other assessment of performance. 
Sometimes a table of mean yields is presented with indications of “significant” or 
“non-significant” for the difference between every pair, by use of either the so-called 
“least significant difference” or one of the more sophisticated multiple comparison 
tests that have recently been developed (see FEDERER, 2, for a convenient account of 
these). However, results of such tests are determined as much by the size and quality 
of the experiment as by inherent properties of the varieties. In an experiment with 
low replication and ill-chosen plots, even a very good and a very bad variety could 
be shown “not significantly different”; probably any two strains or varieties that 
differ sufficiently to be assigned distinct identities could be shown to differ “signifi- 
cantly” in yield in a large and very precise experiment. When the few best are to be 
chosen from a large number of new varieties, statistical significance should not be a 
criterion of selection (cf. SIEBEN, 11). Doubtless there will be difficulties in ranking 
the varieties in order, unless one well-defined measurement such as weight of crop is 
regarded as of paramount importance, but, when this has been done, the right 
procedure is simply to select the best and discard the remainder without regard to 
significance. Of course, occasionally a good variety will be discarded or a bad one 
selected because experimental errors have distorted the true rank order. The experi- 
menter can be content if he has acted so as to maximize his expectations of gain; the 
argument (Section 12) that he must not be unfair to a variety, by testing it with low 
replication or rejecting it even though it is not significantly poorer than another that 
is accepted for further trial, seems to derive from a misplaced sentimentality! 


4. YIELD 


For the purpose of this paper, the problem of selection’ will be simplified by assuming 
that only one variate is to be used as a basis of selection, except for purely negative 
use of such characters as disease susceptibility or growth habit. This variate will be 
termed yield, without implying that it is necessarily the weight per unit area of the 
chief product of the crop. There is no reason why this yield should not be an assess- 
ment of the value of the crop, compounded from two or more measurements. 

This may seem a poor approximation to the practice of the plant breeder, who must 
take into account many different characters. The assumption here is equivalent to 


1) In practice (see Section 5), a fairly large number of plots of one or two established standards 
would probably be included in a single-replicate experiment. Variability amongst these would give 
some guide to the variance of the unreplicated new varieties, though this might be untrustworthy. 
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assuming a single scale of measurement for placing in order all varieties other than 
those condemned absolutely on account of disease susceptibility or similar weak- 
nesses. Of course, it begs the question of how the scaling is to be done. If different 
parts of the crop are of economic importance, as with roots and tops of sugar beet, 
some approximate ratio of monetary values may be used to combine them. The 
difficulties are greater when a weight of crop and a measure of quality have to be 
taken into account, as with weight of grain and nitrogen content for barley, weight of 
bolls and staple length of cotton, or weight and quality factors for fruit. For pasture 
grasses, both total weight and distribution of production throughout the growing 
season must be considered, and further complications arise if variations in dry matter 
and protein content are to be taken into account. Fruits and grasses are examples of 
a further complication, in that the plants are normally cropped for several consecutive 
years. Important though these matters are, they are not relevant to the present study 
in the simple form that is here presented, and will not be discussed further. 


5. THE SELECTION PROGRAMME 


Any programme of yield selection will begin from a large number of seeds or 
seedlings produced by the plant breeder. These will have arisen from his plan of 
crosses between individual plants, existing commercial varieties, or even species, 
back-crosses to incorporate desirable or to eliminate undesirable characters, and so 
on, in accordance with genetic theory and knowledge, probably with visual selection 
of outstanding plants in various progenies. In a species that is normally propagated 
vegetatively, every seedling raised is potentially a new variety; in a sexually propagated 
species, the same is true within the conventions of what constitutes a variety (Section 
3). Two or three years may then be spent in growing these many “varieties” and 
discarding any that possess characters obviously unsatisfactory in farming practice: 
pest or disease susceptibility, inconvenient characteristics of growth, lateness of 
maturing, and like faults. These will be regarded as absolute reasons for rejection, 
and a high proportion of the original number of varieties is likely to be rejected. 
During such preliminary trials, little attention will be paid to yield, but opportunity 
will be taken to multiply the amount of planting material of the surviving varieties so 
that it is adequate for subsequent yield trials. 

In reality, the distinction between the preliminary years and the main period of 
selection that follows will not be rigid; doubtless very poor yield would be noted and 
used as a reason for discarding a variety in the early years, and later there would 
be occasional further discards because of disease susceptibility. For the present 
purpose, however, the two periods are regarded as quite separate, and in the second 
the aim is taken to be solely that of finding the highest yielders amongst those varieties 
that survive the preliminary trials. Although the analysis could be adapted to suit a 
plant that is cropped for several years (provided that a single measure of yield could 
be agreed), it will be presented in terms of an annually sown and harvested crop. 

This paper is concerned only with what occurs after the preliminary years, and a 
simplified form of a typical programme of yield selection will now be described. 
Initially N varieties are to be considered. During the next k years, these are to be 


reduced to n, where 
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and z, the total selection fraction, is a small fraction chosen by the investigator ;7t may 
be as small as, but of course cannot be less than 1/N. The reduction will be made in 
k stages, reduction in each stage being based upon the results of a variety trial. The 
procedure will be: 


Stage 1 

In year 1, all the varieties are included in a variety trial, the yields are measured, 
and the proportion P, having the highest yields are selected for further testing; the 
remainder are discarded. Of course, with a large value of N and possibly a scarcity of 
planting material for new varieties, this trial might have only one plot of each variety. 


Stage 2 


In year 2, the P‚N varieties so far selected are subjected to another variety trial, 
and the proportion P, having the highest yields are selected, the remainder again being 
discarded. 

This continues up to stage k, the general situation being: 


Stage r 


In year r, the P,P‚.… P‚-, N varieties remaining from year (r —l) are subjected to 
a variety trial and the best fraction P,‚ selected. 

The annual selection fractions P‚ can be chosen by the investigator, in the light of 
any restrictions on his experimental resources that may exist and subject to the 
condition that the final selection leaves him with n varieties; this is expressed by 


P Pon Prak 1 (2) 
Initial random discard 


One other important possibility needs consideration. The number of varieties initially 
may be too great for the first variety trial, either because even a single plot of each 
would exceed the resources of the investigator or because he judges that his limited 
resources would be used to better advantage in a trial of less than N varieties with 
greater than minimal replication. A proportion P, of the varieties might therefore be 
selected at random for inclusion in stage l and the remaining (l-P‚) N discarded, P‚ 
being a fraction greater than 7. The only formal change in the scheme already 
described would be that P‚ N would replace N throughout, and equation (2) would 
become 

PBP... Prabkr = Tr (3) 


At first sight, this initial random discard may seem a strange action, but in fact it 
can correspond closely to reality. If coordination between plant breeders and those 
who introduce new strains or varieties into a country from abroad on the one hand 
and organizations responsible for the testing and selection of new varieties on the 
other is slight, the latter may have insufficient staff, money, or land to test all the 
untried varieties available. They must discard some. Probably they will discard on the 
basis of hints from performance in preliminary years or in trials reported from other 
countries and on indefinable but possibly useful intuition: the P‚N varieties that go 
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\ into stage 1 may therefore on average be somewhat better than a random selection 
from N, but the bits of evidence on which they are chosen cannot be expressed 
mathematically. The analysis underlying this paper may therefore underestimate the 


overall gain from selection, yet, even without allowance for the advantage of non- 
random selection at “stage O”, it demonstrates that there are circumstances in which 
the best results are obtained by including less than the N varieties in stage 1. 

The (l-P‚) N discarded varieties are here supposed to be abandoned completely, 


| so that the efforts of those who produced or introduced them have been wasted (cf. 


Section 13). In practice, there would probably be an intention of retaining them until 
a future increase in resources or reduction in demands for testing allowed them to 


be included with a later “cohort” (see below) for a new stage 1. This procrastination is 
j at best a hope of eventual amendment of imperfect planning, at worst perhaps a mark 


of unwillingness to admit that the varieties held in suspense never will be tested. 


Standard varieties 
After k years, n varieties will have been selected. These will not necessarily be the 


| best of the N, because the chances of experimentation at any stage may have marred 


selection by depressing the yield of an inherently good variety or raising the yield of a 


| bad one. Nevertheless, they are the investigator’s choice and, unless experimentation 
_has been very-bad,they-ought to be amongst the best of the N. They may still be of ‚no 


practical value because they are no better than existing standard varieties. A further 
series of experiments will therefore be needed, say for k’ years, in which the n new 


_ varieties are compared with one or more established standards. Only if any of the n 


show appreciably better yields than the standards will stocks be multiplied and the 


_ varieties passed into general use; otherwise, all will be discarded. 


The cohort 

These steps relate to the history of what, to borrow a demographer’s term, will be 
described as one cohort of new varieties, namely all those for which testing was begun 
in the same year. For a long-term programme of improvement, in any one calendar 
year all the steps will be represented on different cohorts. Different parts of the whole 
experimental area will be allotted to preliminary trials on the two or three youngest 


_cohorts, variety trials for yield selection corresponding to each of stages 1, 2, 3, … k 


for the appropriate survivors of successively older cohorts (varieties that survived 
the preliminary trials 1, 2, 3 .… k years earlier), and final trials of comparison with 
standards for k’ sets of n survivors from still older cohorts. Under stable conditions 
of plant-breeding, the initial size of a cohort would be approximately constant, the 
selection fraction at stage r would be held constant at a value that seemed optimal, 
and in other respects the distribution of research effort in a calendar year between the 
various steps would remain constant from year to year. 


Replication of sites 
Although the description above has been given in terms of a single experiment on 
each cohort every year, the inferences drawn will be of wider applicability if the 


variety trials can be spread over a number of sites. In the early stages, this may be 


impracticable; despite the high risks of error, probably large numbers of varieties 
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must be discarded on the evidence of trial at one place only. When selection has 
reduced the size of a cohort substantially, each subsequent stage might be planned as 
one or two replicates at each of several places instead of as a single highly replicated 
trial. If the relative performance of the better varieties is the same everywhere, 
discovery of this fact is in itself valuable. If the genetic characteristics of varieties 
manifest interactions with environment, so that the relative performance of different 
varieties depends upon the place at which they are grown, discovery of this will 
facilitate the making of different selections for different localities; the selection pro- 
gramme may then need to branch into sections for the several localities. There will 
inevitably be conflict between the competing interests of having only a few varieties in 
use over a broad tract of country and having special selections for very small areas, 
but the gain achieved by the selection programme cannot be less than that based 
upon the theory of this paper, and may exceed it if regional variation is important. 
Ás a verbal convention here, all experimentation on a cohort at stage r will be regarded 
as a single variety trial. 


Replication over seasons 


If climatic factors vary greatly from year to year, it may be necessary to allow for 
the possibility that the relative performance of the varieties will not be the same in 
a hot dry season as in a cold wet season. There seems then to be no escape from the 
need to continue the trials at each stage over several seasons in order to estimate 
average performance, since recommendations for future use can be based only on the 
average of past experience of seasons; this may be wholly impracticable for the early 
stages, but at least it must be considered for later stages (Section 12). 


Modifications in Programme 


TANG (12) has examined a similar problem, though he concerned himself chiefly with 
the percentage of “good” varieties amongst those selected rather than with the mean 
yield of all selected varieties. SIEBEN (11) and KEULS and SIEBEN (7) developed further 
the notion of starting from an arbitrary division of the whole population of varieties 
into a few “good” ones (high yields), a few “bad” ones (low yields), and a large number 
of intermediate varieties whose yields are such that it is immaterial whether they are 
retained or discarded. They then discussed a scheme of selection aimed at ensuring 
that good varieties have a low probability of being rejected, bad varieties a low proba- 
bility of being selected, and their papers present tables and diagrams relating to 
optimal conditions. Thus their criterion of success in selection differs from that of the 
present paper, where mean yield is used, but in other respects their theory is very 
similar. 

All these authors, however, are concerned primarily with one stage of selection. 
This paper contains an attempt to carry theory and the understanding of practice at 
least to a second stage, and to exploit the additional freedom of choice specified by 
equation (3). Moreover, the earlier work has assumed a fixed size of plot, whereas 
here greater flexibility is allowed in the adjustment of plot size and total experimental 
area to the needs of optimal experimentation. It would be interesting to see similar 
extension of the theory of selection for the dichotomous or trichotomous classification 
of varieties, which may be more relevant in some circumstances. No programme 
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defined in purely mathematical terms is likely to correspond perfectly with what is 
needed in a particular practical situation, but the greater the number of reasonable 
alternatives that have been studied the more likely is it that a good procedure for the 
practical situation can be suggested. 

In any actual selection programme, modified and less rigid rules might be applied, 
although those used here have the merit of mathematical simplicity, and any such 
changes should tend to improve the results of selection. For example. the P‚ probably 
would only roughly be determined in advance, and in any one year would be increased 

or decreased for a particular cohort if there were indications that the number of good 
varieties was unexpectedly large or small. Similarly n might be varied from cohort to 
cohort, even to the extent of discarding every variety at or before stage k if all appeared 
to be poor, so increasing the resources available for the contemporaneous tests on 
other cohorts. Both these modifications would be assisted by including plots of one 
or two standard varieties in all trials, either uniformly distributed over the experimental 
area or in the same scheme of randomization as the new varieties; selection would 
then be based upon excess of yield over that of adjacent standards instead of on 
absolute yield, and values of P‚ would take account of the numbers showing appreciable 
excess. 

As described here, the selection at stage r would be based solely on the yields in the 
corresponding variety trial; the rate of advance from selection could presumably be 
increased by using information on the surviving varieties of the same cohort accumu- 
lated from trials in the previous (r-1) years. Also, at stage r‚, some varieties whose 
yields just failed to qualify them for going forward to stage (r+1) might be held over 
until the next year and, instead of being immediately discarded, given a second chance 
by inclusion with the trial of stage r for the next cohort. 

Further research is needed in order to examine the merits of some of the suggestions 
made in the last two paragraphs. The present paper is concerned only with a very 
simple set of rules for selection, but the results should provide a lower limit 
to what might be achieved under more flexible rules. It should be remembered that 
alternative rules for selecting n varieties out of N can differ in result only by giving 
different sets of n. The ideal is to select the best n, and selection will be imperfect in so 
far as plot variability in yields causes the final set of n to contain some members 
other than the best ones. 

The separation of the first two phases of crop improvement, the production of new 
varieties and their testing (Section 1), is inherent in the selection programme analysed 
here. Although formalized for the sake of mathematical analysis, the programme 
appears to be essentially the same as, for example, that for winter wheat discussed by 
HAYES and IMMER (6, pp. 304-306) and that for sugar cane discussed by WARNER (13). 
In other circumstances, the two phases may be less distinct. For example, LUPTON 
and WHITEHOUSE (9) have discussed breeding and selection schemes for cereals in 
which the selection of individual lines to some extent overlaps the breeding programme. 
Where this is practicable and desirable, a thorough analysis of the problem would 
become much more complicated, as the genetic aspects of the breeding — deliberately 
excluded from the present discussion — would then demand consideration. Never- 
theless, the results attained here may still give some approximate guidance to optimal 
procedure in the later stages when chief emphasis is on selection. YATES (14) mentioned 
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a number of questions that arise in the choice of an optimal programme and, in parti- 
cular, propounded the problem of choosing optimal values for the P,. 


6. COST OF THE PROGRAMME 


If the resources of the experimenter were unlimited, he could reduce to negligible 
proportions the errors of selection by sufficient increase in the size and comprehen- 
siveness of the variety trials. In reality, the available labour, money, land, or a com- 
bination of the three will impose a severe limitation on the annual amount of ex- 
perimentation. Under stable conditions, the resources available for the k stages of 
selection may be considered as constant from year to year, and will be represented by 
the symbol A; the subsequent discussion will not be concerned with either the 
so-called preliminary trials or the final comparisons of the n selected varieties with 
the standards, and A is to be regarded as solely that part of the total resources available 
for the yield-selection. As already explained, the variety trials in a calendar year will 
consist of trials at each of stages 1 to k on the survivors from k different cohorts. The 
portion of the resources expended on stage r will be termed A, where of necessity 


AAA (4) 


For present purposes, the resources will be assumed to be in proportion to the area 
under experiment, so that equation (4) can be read as expressing the partition of a 
fixed total area, A, into sections for the k cohorts. In reality, the proportionality of 
the cost of variety trials and the area that they ocecupy will be disturbed by differences 
in design for different stages. However, the relatively high cost of large numbers of 
very small plots in the early stages is likely to some extent to be balanced by a greater 
tendency to distribute trials over several sites (so increasing management expenses) in 
the later stages. 

The experimental error, or the variability in observed yield between plots of the 
same variety close together on the same site, obviously has a vitally important part 
to play in determining the success of selection. If this were negligible in comparison 
with the variability between the genetic potentials of the N varieties of a cohort, any 
simple variety trial would enable the best n to be picked out with little fear of mistakes. 
On the other hand, if this error were very large, it could so obscure the manifestation 
of real differences in yielding capacity that the selection of varieties on the basis of 
observed yields was little better than a totally random selection. With well chosen 
experimental designs, the truth will lie somewhere between these extremes. Moreover, 
in a variety trial of a specified total area, the standard error of a mean yield will 
increase if the number of varieties to be included is increased, because either the plot 
size or the number of replicate plots of each variety must be decreased. For a fixed 
number of varieties, the standard error will be decreased by any increase in total 
area, because either larger plots or more replicates can be used. Reasons have been 
advanced elsewhere (FINNEY, 5) for assuming the approximation of a standard error 
of the mean yield per variety proportional to the square root of the number of varieties 
in the trial and inversely proportional to the square root of the area occupied by the 
trial. The standard error will be supposed equal to v times the standard deviation of 
yielding capacity for all the N varieties (Section 7) if the whole area, A, is used for 
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experiment in one season onall the varieties; when (as will usually.be the case) only 
a part of the area is used for a particular stage and this involves a reduced number of 
varieties, the rules of proportionality just stated determine the standard error appro- 
priate to varietal means. 


7. DISTRIBUTION OF"YIELDING CAPACITY 


The potentiality for yield improvement, under selection must depend upon the 
genetic variability between the N varieties. If these are almost identical in yielding 
capacity, no amount of selection can make the average yielding capacity of the n 
selected appreciably different from the general mean. If the N vary considerably in 
their yielding capacities, each stage of selection will increase the proportion of high 
yielders although experimental errors may still permit some low yielders to be in- 
cluded. On the assumption that initially the genetic potentials of the varieties are 
normally distributed, the gain in yield under a specified system of selection (that is 
to say, the difference between the mean yielding capacities of the selected n and the 
original N) is proportional to the standard deviation of the distribution. 

Moreover, an upper limit to the gain from all selection programmes is set by 
considering what happens if experimental errors are absent. Any selection pro- 
gramme would then give the fraction 7 of the varieties with the highest genetic 
potentials. Theory enables their mean yields to be derived quite easily. The gain in 
yield, in units of the standard deviation of the original distribution, for various values 
of 7: is 


Kd 0:25 O1 005 0:025 0.01 --0.0025 0.001 0.0001 .-0:00001 
Gamnaoielden 1270175 2.062,34 … 267-3.10 3de t08 4,48 


The existence of any experimental error must reduce the gain corresponding to a 
specified 7 below the value tabulated; if a programme can be devised that gives a 
gain approximating to this value, it must be near to the optimal, and there can be 
little scope for improvement by modification of the rules of selection. 


8. ONE-STAGE SELECTION 


The usual practice in plant selection is to employ several stages. Even with the 
exceedingly simple model of a selection programme under discussion here, the 
mathematical analysis increases rapidly in complexity as the number of stages 
increases. Fortunately however, the study of one-stage and two-stage programmes 
throws much light on what happens with larger values of k. Moreover, k — 1 illustrates 
particularly well the role of an initial random selection. 

Suppose that the ratio of the standard deviation per plot, in a trial on the area A 
that includes all the N varieties, to the standard deviation of the genetic yielding 
capacities is v. If_N is large, the gain in yield (the difference between the mean yielding 
capacities of the N and the selected n varieties) resulting from one-stage selection can 
be increased by experimenting only on PN varieties and selecting a proportion P, of 
these, where P‚ is less than unity and, in accordance with (3), 


PoP, = (5) 
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The relation of the gain in yield (in units of standard deviation) to P‚ has been shown 
(EINNEY, 5) to depend only on the product zv?. Fig. l shows the form of the 
relation for a series of values of this product, and makes clear the existence of a 
maximum gain at a value of P‚ that itself depends upon zv?. With any particular 
values of and v‚, the optimal P‚ can be determined from this diagram, or from the 
corresponding equations, and the initial random discard then calculated from (5); 
the nature of the relations is such as to make this graphical representation simpler 
than one for giving the optimal P, directly. 


3.0 


2.0 


0.001 0.002 0.004 0.006 0.01 0.02 0.04 006 0.l 0.2 04 06 08 10 
0.008 0.08 


Value of P, 


Fis. 1. RELATION OF GAIN IN YIELD IN ONE-STAGE SELECTION (IN UNITS OF ORIGINAL STANDARD DEVIATION) 
TO P,, FOR VARIOUS VALUES OF 7 v?. The upper boundary curve corresponds to the values 
tabulated in Section 7, and gives the gain when experimental error is negligible. The in- 
tersecting curve passes through the maximum of each rr v? curve. 


The intersecting curve in Fig. l passes through the maxima of the separate mv? 
curves, and therefore gives the required optimal P‚ corresponding to any zv?. In- 
spection shows that, if v is large, only a small gain can be achieved in one stage, but 
the best policy will be to begin by discarding quite a large proportion so as to reduce 
the experimental error in the variety trial even though no very intensive selection can 
be practised on the results. If v is small, the optimal P‚ indicated by Fig. 1 may be 
smaller than 7: but the appropriate procedure then is to make no random discard 
and to take P‚ — 7. In practice, v? is not likely to exceed 10 and might be only about 1. 

Three examples with v? — 5 illustrate the nature of Fig. 1. If the total selection is * 
to ber — 0.1, the optimal procedure is to discard about 44 % of the varieties initially, 
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so that selection on the results of the variety trial need have only P‚ — 0.18. However, 
the curves in Fig. 1 are so flat near their maxima that the advantage for this procedure 
over the more natural inclusion of all varieties in the field trial is only to increase 
the gain in yield by about 5 %. For a more intensive total selection of 7 — 0.01, the 
optimal random discard is 84 % of the varieties followed by P‚ —= 0.16, and this 
increases the gain in yield by 35 % of its value for P, —= . With » — 0.001, as many 
as 92.3 % of the varieties should be discarded; selection of a fraction P‚ = 0.013 in a 
trial conducted on the remainder can then be expected to increase the yield by an 
amount almost 60 % greater than for P‚ = 7. 

Figs. 2 and 3 show, for v? — 1 and v? = 10 respectively, the gain in yield resulting 
from one-stage selection with various values of ze from 0.001 upwards, both for a 
programme with no initial random discard (P‚ = 1, P, = 7) and for one in which the 
gain is maximized by a suitable discard. For comparison, results are also shown for 
a two-stage selection programme discussed in Section 9 and for the perfect selection 
that would be possible only if experimental errors were negligible. 

FEDERER (3) gives practical examples of results closely related to those of this section. 


0.001 0.002 0.004 0.006 0.01 0.02 0.04 006 Ol 0.2 04 06 08 10 
0.008 0.08 


Value of JT 


FIG. 2. RELATION OF GAIN IN YIELD (IN UNITS OF ORIGINAL STANDARD DEVIATION) TO 7% FOR V? = 1, 
Lowest curve: one-stage selection, P, — 1 and P‚ = z. Broken curve: one-stage selection, 
optimal P‚ determined from Fig. 1. ï 
Middle curve: two-stage selection, P‚ — 1 and A; = Ax = A/2, P, = P‚ = n°. kn 
Upper curve: values from table in Section 7, the gain if experimental error were negligible. 
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0.008 0.08 0.8 
Value of JT 
Fig. 3. RELATION OF GAIN IN YIELD (IN UNITS OF ORIGINAL STANDARD DEVIATION) TO 7 FOR Vv? — 10. 


Lowest curve: one-stage selection, P, = 1 and P, =z. 

Broken curve: one-stage selection, optimal P‚ determined from Fig. 1. 

Middle curve: two-stage selection, P, = 1 and A, = Aa = A/2, P,‚ = Ps = if 
Upper curve: values from table in Section 7, the gain if experimental error were negligible. 


9. TWO-STAGE SELECTION 


When selection is to be conducted in two stages, a new factor enters, the partition 
of the total experimental area between the stages (Section 6). Not only must the 
balance of selection between P‚ and P, be considered, but simultaneously the relative 
advantages of using much of the total area in the first year when the number of 
varieties under trial is large or in the second when there are better opportunities for 
really precise experimentation must be examined. Fortunately, this complication of 
the theory is compensated by a lesser need to study the initial random discard. One 
may expect the first stage of selection to perform something of the function of this 
discard by reducing the number of varieties in order that an adequate trial can be 
conducted on the remainder. Evidence has been adduced elsewhere (5) for the view 
that the gain from an initial random discard in two-stage selection is not important 
unless a very small 7 is to be used. 

Calculations have been made for the case v — 1 and 7 — 0.01, using a series of 
values of P‚ and P, subject to 

P‚P, = 0.01 (6) 


and a series of proportions of A;/A. The gain in yield for each combination of con- 
ditions has been expressed as a percentage of 2.665, the upper limit to the gain at- 
tainable only if v were zero (Section 7). Fig. 4 shows the results expressed diagram- 
matically by contours of equal percentage gains. The most striking feature of this 
diagram is that the optimal conditions are remarkably close to the symmetrical 
P, =P, = 0.1, 
Arn koe 1) 
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This is certainly not exactly the combination of conditions for the greatest expected 
gain in yield but it is near enough for practical purposes; it is surprisingly good, in 
that it leads to 88 % of the maximal gain that would occur if experimental error were 
negligible, as compared with 74 % for the best one-stage procedure. Further inspection 
of Fig. 4 indicates that, if these symmetrical conditions cannot be fulfilled, the stage 
that involves the more intensive selection should receive a larger share of the total 
area. For example, a very intensive first year selection of 0.04 (ie. P‚ = 0.04, P‚ — 
0.25) can give good results if about 75 % of the total area is used in that stage, whereas 
if the first year selection is only 0.25 (P‚, —= 0.25, P, — 0.04) only 20 % of the area 
should be used in that stage. To attempt an intensive selection on the basis of a trial 
that used only a small fraction of the area A would be bad policy. 


Value Value 
Ee Value of P, of 
Ai/A 10 08 0.6 04 0.2 0. 008 0.06 0.04 0.02 0.01, A2/A 


0.01 0.02 0,04 006 008 Ol 0.2 0.4 06 08 10 
Value of P, 


FIG. 4. RELATION OF GAIN IN YIELD TO THE CHOICE OF P, (AND P3) AND Aj (AND Az), FOR TWO-STAGE 
SELECTION WITH T — 0.01, P, = 1. (Top: P,; Bottom: Ps; Left: A;; Right: A»). Contours 
show gain expressed as a percentage of what would be attained if experimental error were 
negligible (2.665 Xx standard deviation). The maximum is almost exactly 88 %. 


A less complete examination of the situation for v? — 10, 7 — 0.01 indicates that 
the optimal conditions deviate from the symmetrical as v? increases, in the direction 
of P‚ <P,, A, <A, but that even at this extreme only a negligible disadvantage is 
incurred by maintaining the symmetry. With P‚ — P,, A, = As, the gain in yield is 
51 % of that in the absence of experimental error, as compared with 53 % for the 
optimal conditions and 47 % for one-stage selection. Evidently under conditions of 
very high experimental error two-stage selection is little better than one-stage; rough 
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calculations reported elsewhere (5) indicate that the best initial random discard for 
this two-stage selection would be about P, — 0.4, but that even then the gain would 
be increased only to 55 %. The few calculations that have been made for total selections 
other than zr — 0.01 show the same tendencies, except that for very small the optimal 
conditions are displaced further towards values of P,‚ and A, smaller than in equations 
(5). Figs. 2 & 3 illustrate further the dependence of the gain on 7 for v? — l and 
v2 — 10, under symmetrical conditions, and also show the relatively small advantage 
for the extra stage. 


10. MULTI-STAGE SELECTION 


Although in theory the methods used for computing the consequences of two-stage 
selection (FINNEY, 4) could be extended to any number of stages, the complexity 
of the formulae and the limits of accuracy of various mathematical tables that are 
employed make this impracticable even for k — 3. No alternative method has yet 
been found. Nevertheless, some predictions about the results can be made from 
what is now known for k — 1 and k — 2. 

For longer-term selection, an initial random discard will be even less useful than 
for two-stage; unless 7 is extremely small, it need not be considered. A reasonable 
approximation to optimal conditions, whatever the value of v? and whatever the total 
selection to be employed, is almost certainly given by 


P, =P, = … = Pe = nk, | 5 
AA 6) 


If the conditions of the model used in this paper (cf. Sections 5-7) are approximately 
fulfilled, any k-stage selection programme should be approximately based on the 
symmetrical conditions expressed by equations (8). The true optimal conditions are 
likely to deviate from these by having the early values of P‚ and the early values of 
Ar somewhat smaller, the later values correspondingly larger, and a small adjustment 
in this direction might improve results still further. If any major departure from this 
trend is necessitated, almost certainly the efficiency of selection will suffer, but a 
considerable degree of compensation is likely to be achieved if any stage that must 
have a much smaller P‚ is allocated a disproportionately large Ar. 

For example, suppose that a selection of total intensity 0.0005 is to be achieved in 
four stages. The symmetrical programme involves selecting a fraction P‚, — 0.15 
(approx.) each year, and allocating 25 % of the total area to each stage. One might 
guess that a programme with 


P‚ = P‚ = 0.1, Ps = 0.2, P‚ = 0.25 


with 20 % of the area used for each of the first two stages, 30 % for each of the last 
two, would be rather better. No computations have been made to verify this, and the 
advantage can scarcely be great. If circumstances outside the control of the investigator 
required that the first stage selection be much more severe, say P,‚ — 0.02, subsequent 
values might be chosen as P, — 0.2, P3 — 0.25, P‚ — 0.5 and compensation on area 
could be used to give 40 % of the area to stage 1, and 15 %, 20 %, 25 % respectively to 
stages 2, 3, 4. 
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In the absence of any more complete theory, equations (8) and the remarks that 
follow them are the best recommendations that can be given for selection in k stages. 
It should be remembered, however, that most of the gains from selection can be ob- 
tained in only a few stages. Section 9 has shown that, with a moderate experimental 
error, 90 % of the possible gain from a selection of intensity 7: — 0.01 can be achieved 
in two stages, so that little extra benefit could accrue from spreading this selection 
over three or four stages. Doubtless for smaller 7, and possibly larger experimental 
errors, four or five stages may be advantageous but on purely statistical grounds 
there can seldom be a need for having more than five stages. One example has been 
computed as an illustration. A total selection of 7e — 0.01 under experimental con- 
ditions that give v? — 10 might reasonably be attained in three stages by taking 


Pit P 02 Pr 02 Po 0255 
A, =03A, Ay=03A, Az = 0.4A, 


as values based upon the rules just given. These lead to a gain in yield that is 58 % 

_of that in the absence of experimental error, as compared with 55 % for optimal two- 
stage selection (end of Section 9). Of course the three-stage programme specified is 
only a guess at the best possible, but it seems unlikely that any alternative would give 
a gain greater than 60 %5. This matter is discussed further in Section 13 from another 
point of view. 


11. ANALOGOUS SELECTION PROBLEMS 


Although selection is here discussed with reference to plants, obviously the needs 
and practices of animal selection can be similar. With relatively short-lived species, 
such as poultry, problems of selecting for the improvement of strains could be con- 
sidered along very similar lines; LERNER (8; Ch. VIII) has some discussion on this, 
but he concerns himself with only a single stage and with selection for several characters 
simultaneously. With species that live longer, progeny testing of a small number of 
individuals that are candidates for selection as parents of future stock introduces 
similar problems. Here, however, the smallness of the numbers of parent animals that 
can be studied must make selection much less intensive than for plants. In the progeny 
testing of dairy bulls, for example, records of milk yields from daughters recorded in 
successive years would form the basis for successive stages of selection. Complications 
arise on account of environmental differences in different herds, but essentially the 
number of daughters recorded in a year is analogous to the degree of replication of 
each crop variety and the optimal balance between selective intensities in different 
years, numbers of daughters recorded, and initial number of bulls to be studied 
needs examination. ROBERTSON (10) has recently published a paper on one aspect of 
this problem, in which he attains results that are in essence the same as those of 
Section 8 above. 

DAvIes (1) has investigated the relative efficiencies of different sequences of screening 
tests for the discovery of chemical compounds that manifest specific chemotherapeutic 
activity. He is faced with the problem of discovering a small number of possibly 

useful compounds from amongst a very large number about which initially nothing is 
known. His theory has many analogies with that underlying the present paper, and 
also with the work of Keurs and SIEBEN (7). 
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12. FAIR AND UNFAIR SELECTION 


In general discussion of plant and animal selection, confusion is often caused by 
irrelevant consideration of “fairness”. For example, it will be argued that to discard 
a variety at a particular stage is not fair because it has not appeared in enough trials 
or had adequate replication for its qualities to be fully assessed. Of course, in a partic- 
ular programme, the number of trials or the replication may be too low, but the 
criterion of adequacy should be that of maximizing the gains to be expected from the 
whole programme, not of allowing fair treatment to entities that have no personalities 
in need of protection! When resources are limited, as they always are in reality, 
additional replication for a variety or a reprieve from discarding it can be bought 
only at the price of less replication or earlier discard for other varieties, and the 
optimal procedure to be adopted can be defined only in terms of maximizing some 
measure of the degree of success achieved. Not infrequently, a selection programme 
concentrates on only a few of the varieties available for trial, in order that reliable 
experiments can be conducted on these in conformity with some preconceived 
standards of fairness; in consequence, a large number of varieties are not tested at 
all, surely a much greater unfairness then if most or all of the varieties had been given 
some change of trial! Consideration of the maximal gain may suggest the desirability 
of an initial discard of some varieties, but this is very different from an omission of 
some consequent upon arbitrary standards of replication for those that are tested. 
If a large number of varieties is available for selection, inevitably most of these will 
be discarded either without test or on the results of trials with very high standard 
errors, but the aim of securing the best final selection as the outcome of all stages is 
the only valid guide to the number that should be included at the start. 

The notion of fairness to the varieties possibly derives from the drawing of false 
analogies with problems involving the selection of human beings. The selection of 
children and adolescents for successive stages of education, or of employees for 
successive promotions within a business, does normally demand conformity to some 
standards of equity for each individual, even though this may not be consistent with 
planning the best selection procedure for a specified expenditure of effort. It is at 
least possible that an “initial random discard”’ of children at age 11 would permit far 
more thorough testing of the remainder in order to select those best suited for 
secondary grammar schools, and would even raise the average standard of those 
selected, but cries of ““unfair” from the parents of those discarded would arise rapidly, 
insistently, and very rightly. Educational selection cannot concern itself solely with 
attempts to maximize the quality of those who will eventually become university 
graduates, but must aim at fitting every individual for a suitable place in the community. 
To apply arguments based on statistical theory to educational selection is certainly 
not improper, but the questions asked must be correctly phrased. On the other hand, 
selection of crop varieties will be impeded by discussing it as though the rights of 
individual seedlings had to be respected. 

One proviso may be noted. An official seed testing and plant selection organization, 
or one developed by collaboration between plant breeders, might need to preserve a 
balance between the products of different breeders, at least in the early stages of selec- 
tion on a cohort. This is not a denial of the principles stated above, but a recogni- 
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tion that expediency and considerations of fairness to different plant breeders (not 
to their products) made advisable some sacrifice in the maximum ultimate gain. 

The argument of fairness to varieties can be further confused by seasonal differen- 
ces. The important factor here is not fairness to varieties but fairness to farmers who 
eventually grow recommended new varieties: a variety should not be recommended 
for general adoption if the final trials on the results of which it was selected did not 
take place under a reasonable sample of the seasonal conditions likely to be en- 
countered in practice. In the early stages of a selection programme, differences 
between varieties may be so great that little is lost by neglecting interactions with 
seasonal conditions (Section 5), but it might be desirable to allow the last one or two 
stages to extend over several seasons and to base selection on average performance. 
The possibilities are numerous, and appropriate modifications to the specification of 
the programme and to the mathematical theory have not been examined. 


13. RELATION TO THE GENERAL ECONOMY 


In earlier sections of this paper, quantities such as k (the number of stages), N (the 
total number of varieties that, having survived preliminary trials, annually becomes 
available for selection), and A (the total experimental area or other suitable measure 
of annual expenditure of effort on selection) have been regarded as fixed by external 
uncontrollable factors and attempts have been made to devise optimal selection 
procedures subject to these conditions. In practice, some variation in k, N, A, would 
occur from year to year on account of chance modifications in the breeding programme, 
changes in grants and their purchasing powers, changes in staff, and changes in the 
opinions of those responsible for the direction of research. Nevertheless, the assumption 
of their constancy probably gives an approximation to conditions operating over a 
period of a few years that is adequate for the type of discussion presented here. 

Both the values of these quantities and fluctuations in them, however, are likely 
to be dictated by decisions having no very close relation to the importance of the 
consequences of selection to the whole economy. It is of interest to see what conclusions 
can be drawn about their optimal values as well as the optimal internal structure for 
the selection programme. Only a very general argument can be given here. An 
attempt has been made elsewhere (FINNey, 5) to express its main features more 
exactly, but no numerical evaluation of optimal conditions is possible without 
knowledge of several facts about plant breeding and about the agricultural economy 
that are not easily available. 

The optimal choice of N, the initial size of a cohort, is closely related to the question 
of an initial random discard. If the number of varieties finally selected (n) remains 
constant, any increase in N means that more intensive selection can be applied; at 
the same time, hower, the standard deviation per plot will increase if all the varieties 
have to be accommodated on the same area. If_N is so large that an initial discard is 
advantageous, the labours of plant breeders in producing the discarded varieties have 
been wasted; if _N is small, selection cannot be intensive enough to give large gains. 
The ideal will be to have N a little less than the least number that makes an initial 
discard advantageous. This means that in one-stage selection if v? — 10, N should 
be small enough to necessitate a selection of about 7 — 0.25, or in other words 
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approximately N — 4n; if v? — 1, N — I2n is about the optimal, and if v? — 0.4, 
N — 62n. In two stage selection, the values will be considerably larger, and even for 
v2 — 10 the optimal appears to be about N — 25n. These N are obtained on the 
supposition that the marginal cost of some increase in the total number of varieties 
produced per annum is small when plant breeders are already producing a fairly large 
number; they need to be reduced a little if the additional cost is important. Much 
more calculation would be needed to determine them at all satisfactorily for selection 
in many stages, but they suggest that, if v? is as large as 10, N should be such as to 
permit a selection of about 0.20.25 per stage, which can be increased to 0.05-0.1 per 
stage if v? is as small as 1. 

The greater the value of A, the smaller will be the experimental error that can be 
achieved at any stage; consequently the fewer will be the errors resulting from selection 
of indifferent varieties or rejection of good ones on account of accidentally atypical 
performance under trial. The optimal value of A must depend largely upon the 
economic importance of the crop to the nation or to the community financing the 
selection programme. Obviously in Britain a bigger area, and a greater amount of 
research effort, should be given to the breeding and selection of potato varieties than 
to flax varieties. The important factor determining the optimal is the ratio of the 
cost of increasing A by 1 unit to the total value of an increase of 1 unit of yield per 
acre assessed over the whole acreage on which improved varieties will be grown. 
This ratio will be smaller for major crops than for crops occupying only a small total 
acreage. The extent to which differences in the cost ratio will affect the optimum for 
A depends in a complicated manner upon the basic experimental error (v?), and 
special calculation would be necessary for any particular case. All that can be said 
here, even in general terms, relates to one-stage selection. If two crops have about 
equal values of N but the ratio of cost per unit experimental area to value of unit crop 
yield over the whole acreage is greater for the second than for the first, then the first 
should have the greater experimental area A; in fact, the values of A should be in- 
versely proportional to the square roots of these ratios if the inherent experimental 
error is small, to the squares if the error is large and possibly inverse proportionality 
to the ratio itself will be a reasonable compromise in many circumstances. For 
multi-stage selection, a similar rule would be reasonable, but nothing is yet known 
about its validity. 

The optimal length of the selection programme, as expressed by k, the number of 
stages, is also dependent upon the importance of the crop, and in particular upon 
the ratio of the cost per extra stage (without change in the area A) to the total value of 
an increase of 1 unit of yield per acre over the whole acreage on which improved 
variations will be grown. A further important consideration for k is the rate of advance 
of yield without selection. If plant breeding is having any success, successive annual 
cohorts of new varieties will, without any selection, show on average an increase in 
mean yielding capacity. If this were not so, to continue breeding from new parent 
material would be pointless; one might as well produce larger and larger numbers of 
progeny of the same parentage and rely upon the intensification of selection amongst 
these to find improved varieties for commercial use. On the assumption that there is, 
on average, an increase in yielding capacity from year to year in unselected cohorts, 
the advantages of selection have to be balanced against the consequent delay in the 
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issue of new varieties in order to determine the optimal k. The programme outlined 
in Section 5 requires that (k +k’) years elapse (k’ being the number of years in which 
the n selected varieties are compared with standards) between the emergence of a new 
cohort of _N from its preliminary trials and the release of any of its members on the 
general seed market. Clearly k and k’ must not be so large that the gain in yield 
attributable to the selection is outbalanced by the expected increase in yielding 
capacity coming from the breeders without selection: otherwise, better results could 
be expected from random selection of varieties out of the most recent cohort, (k + k’) 
years younger than that used in selection) 

Clearly there can be no absolute optimal duration of selection programme that 
is independent of crop and other factors. The argument outlined above indicates 
that the optimal value of k will be shorter for a crop for which plant breeders are 
being particularly successful in the production of good new strains than for one in 
which breeding progress is slower, since larger gains will be obtainable from random 
selection amongst the newest cohorts and these will outbalance all but the smallest 
values of k. If plant breeders are advancing rapidly, their newest products should be 
made available to farmers quickly even though this prevents very intensive selection; 
if the advance is slow, however, better results will come from maintaining older 
varieties in commercial use and selecting from new cohorts over a longer period. 

Figs. 2 and 3 have shown that the advantage for two-stage selection relative to one- 
stage is not very great even when the total selection fraction, ze, is as small as 0.001. 
The additional gains from extension to more stages must be relatively smaller, an 
example having been given at the end of Section 10. As already pointed out (Section 7), 
there is an upper limit to the gain from selection at intensity 7 no matter how many 
stages are used. Evidently, therefore, very long selection programmes can give little 
improvement in yield over those of moderate length; the considerations of the 
preceding paragraph suggest that the loss from time lag in the release of new varieties 
may easily exceed the gain in yielding capacity achieved under multi-stage selection, 
and that a quick turn-over of new varieties will often be preferable from the point 
of view of total commercial erop production. Much the same argument applies to k’, 
though in these years the emphasis is less on selection and more on the testing of 
apparently good new varieties in different seasons. Under the conditions (admittedly 
over-simplified) of this paper, it would be surprising if circumstances were often 
encountered in which the economic optimal number of stages exceeded five. 

Plant breeders are understandably cautious, and reluctant to release a new variety 
until it has been very fully tested. However cautious they are, errors must occur: 
doubtless good varieties are not infrequently discarded in error at an early stage of 
selection because of mischances on one or two small plots, and occasionally a poor 
variety will have the luck to survive all tests and to be released. The question “May 
not some relaxation of standards lead to more rapid advance in the general level of 
yield, despite an increase in the releases of unsatisfactory varieties?” may properly be 
asked. A statistician, however, can do little more than raise the question, especially 


1) This needs some modification in that the years of selection and testing against standards also 
allow opportunity for multiplication of seed or clonal planting material, whereas only a very small 
amount of seed would be available for a variety taken from a new cohort, so that a longer period 
would have to elapse before commercial release was practicable. 
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in the absence of knowledge of the rate of improvement of unselected cohorts from the 
breeders, on which rate so much depends. Moreover, a practical answer can never 
be based on statistical theory alone, since appropriate weight must also be given to 
non-statistical factors. For example, it is not easy to assess what damage to the whole 
process of crop improvement might ensue from some loss of confidence of farmers as 
a result of a slight increase in the frequency with which unsatisfactory varieties were 
approved for commercial release, even though this were accompanied by an increase 
in the average quality of new varieties. One thing can be said with certainty. Any official 
or semi-official scheme for the selection, testing, and approval of new varieties that 
proceeds so cautiously in demanding many stages of testing as to make its capacity in 
respect of numbers of varieties tested small relative to the numbers being produced by 
plant breeders is useless. The inevitable consequence of such a state of affairs is that 
new varieties come into commercial use without passing through the programme of 
experimental testing; some are then proved good by the less efficient, but in the long 
run decisive, test of practical experience, and therefore the official scheme is ignored 
as irrelevant or discredited as a failure. 


SUMMARY 


The improvement of commercial varieties of an agricultural crop depends not only 
on the skill of plant breeders in producing new seedlings of outstanding merit but 
also upon the efficiency of the programme for selecting good performers from the 
very much larger total number that is produced. The usual procedure is to conduct 
field trials for several seasons, rejecting each year (for an annual crop) a proportion 
of the poorer performers until only the best remain; in the early stages, rejection may 
depend largely upon susceptibility to pests and diseases, habit of growth and other 
general characteristics, but subsequently yield or total economic value of the crop 
will be the chief criterion. 

This paper is concerned with the consequences of variations in the quantities that 
specify a programme of selection based upon yields. 

The selection programme is specified in detail in a form that is amenable to statistical 
analysis, and the extent to which this approximates to practice is discussed. On the 
assumptions that a single yield characteristic is to be the basis of selection and that 
yielding capacity is normally distributed in the whole population of potential new 
varieties, fairly detailed results have been obtained for selection conducted in a single 
stage. Optimal conditions have been investigated, and rules given for obtaining the 
maximum improvement in yield consistent with a specified total selection intensity; 
this sometimes requires that a proportion of new varieties be discarded without test. 
For two stages, the problem is much more complicated, and little success has been 
achieved for any greater number. Nevertheless, there is evidence that initial discarding 
of varieties is now seldom advantageous and that a rule near to the optimalis: “Allocate 
equal fractions of the total experimental area to each of the successive stages, and select 
with equal intensity at each stage, so that in k-stage selection each successive stage 
involves selecting a fraction that is the kth root of the overall fraction”’. 

In a final section, questions of the relation between the specifications of the selection 
programme for a crop and the general agricultural economy are considered. The aim 
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is to devise rules for maximizing the net profit from selection, allowing for the general 
adoption of improved varieties but setting against the gain therefrom the costs of 
the field trials and of breeding the large number of new varieties for test. Only an 
outline of the method of approach to the problem can be given, but even this serves 
to raise doubts of whether as many stages as are commonly employed are economically 
advantageous: there are indications that the increased yield from selected varieties 
can be largely achieved in two or three stages, and that the further gains from each 
additional stage in the programme will commonly be small. These tentative con- 
clusions might be modified by circumstances such as the need to select for two or more 
characters simultaneously. 


SAMENVATTING 
Selectie gericht op verhoging van het produktievermogen 


Het verkrijgen van betere rassen van onze land- en tuinbouwgewassen hangt niet 
alleen af van de bekwaamheid van de kwekers om nieuwe waardevolle selecties te 
winnen, maar vooral van de doeltreffendheid waarmede men, bij het toepassen van 
een bepaald veredelingssysteem, in staat is de uitblinkers te kiezen uit het zeer grote 
aantal selecties dat is voortgebracht. 

De gewone gang van zaken is het verrichten van veldproeven gedurende een aantal 
jaren, waarbij ieder jaar (bij een eenjarig gewas) een deel van het materiaal wordt 
opgeruimd, totdat de beste nummers overblijven. In de eerste jaren zal het af keuren 
grotendeels afhangen van de vatbaarheid voor ziekten en plagen, habitus en andere 
eigenschappen van algemene aard, maar naderhand zal de opbrengst of de economi- 
sche waarde van het produkt het belangrijkste criterium vormen. 

Dit artikel houdt zich bezig met de gevolgen, welke optreden, wanneer men varia- 
ties aanbrengt in de grootheden, welke bepalend zijn voor een op opbrengst gericht 
selectie-programma. In het bijzonder geldt dit de intensiteit der selectie gerekend over 
het gehele selectie-programma, de wijze waarop deze is opgebouwd uit selectie-per- 
centages voor de opeenvolgende seizoenen, het totaal aan land of andere soorten 
hulpbronnen welke voor de veldproeven beschikbaar worden gesteld, de verdeling 
van dit totaal over de opeenvolgende seizoenen, en het totaal aantal seizoenen of 
stadia over welke de selectie wordt uitgespreid. 

Het selectie-programma wordt tot in onderdelen gedefinieerd en wel op zodanige 
wijze, dat het toegankelijk wordt voor een statistische analyse. De mate waarin dit 
__ programma de praktijk benadert wordt aan een kritische beschouwing onderworpen. 
Aannemende dat één enkel kenmerk, namelijk de opbrengst, als basis van de ver- 
edeling zal dienen, en dat dit opbrengstvermogen een normale frequentieverdeling 
heeft over de gehele populatie van mogelijke nieuwe rassen, heeft men tamelijk 
gedetailleerde resultaten verkregen bij selectie toegepast in één ronde. Nagegaan is, 
welke de optimale condities zijn, terwijl regels worden gegeven ter bereiking van de 
maximale opbrengstverhoging welke mogelijk is binnen het kader van een bepaalde 
totale selectie-intensiteit. Soms is het daartoe nodig, dat een gedeelte van de nieuwe 
selecties wordt geëlimineerd zonder ze te toetsen. Wordt de selectie in twee ronden 
uitgevoerd, dan is dit, statistisch gezien, een veel gecompliceerder probleem en met 
nog meerdere stadia heeft men weinig succes bereikt. Er zijn niettemin aanwijzingen, 
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dat het elimineren van selecties in het beginstadium zelden voordelen biedt, en dat een 
regel welke het dichtst bij het optimum komt als volgt luidt: Besten gelijke delen van 
het totale proefveld-oppervlak voor elk van de opeenvolgende ronden en selecteer in 
iedere ronde even intensief, zodat in een selectie programma van k-stadia elk der op- 
eenvolgende stadia neerkomt op het selecteren van een gedeelte gelijk aan de k-de 
machts wortel uit de fractie welke gedurende het gehele programma wordt geselecteerd. 

In het laatste gedeelte worden in beschouwing genomen vraagstukken, die verband 
houden met de samenhang tussen de eisen van het selectie-programma voor een gewas 
en de landbouweconomie in het algemeen. Het doel is regels op te stellen die erop zijn 
gericht de netto winst van de veredeling zo groot mogelijk te doen zijn, rekening 
houdende met de verwachting dat de verbeterde rassen algemeen ingang zullen vinden, 
doch tegenover de daaruit voortvloeiende baten stellende, de kosten van proefvelden 
en die van het kweken van een groot aantal selecties ter beproeving. 

Het was slechts mogelijk een schets te geven van de methode tot benadering van het 
probleem, doch zelfs deze schets doet twijfel rijzen of het wel economisch verant- 
woord is rassen in zoveel ronden te beproeven als thans gebruikelijk is: er zijn aan- 
wijzingen, dat de hogere opbrengsten uit geselecteerde rassen voornamelijk kunnen 
worden verkregen in 2 of 3 cycli, en dat de verdere winst verkregen uit iedere volgende 
cyclus in het algemeen klein zal zijn. 

Deze voorzichtige conclusies zouden kunnen worden gewijzigd naar de omstandig- 
heden, bijv., wanneer geselecteerd moet worden op twee of meer eigenschappen in 
dezelfde tijdsperiode. 
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CRESCINI, FR., Genetica vegetale (Genetics in plants). Roma. 1952, 781 pp., 301 
figs. L. 5000. 


For Italian readers this textbook on genetics in plants must be very valuable. After 
treating in the first 282 pages the principles of heredity in plants, in the second part the 
author surveys applied genetics. In separate chapters he gives details on the breeding 
of specific crops important in Italy. 

Many photographs illustrate the text. 


EHRENDORFER, K., Der Feldversuch. Grundbegriffe des Versuchswesens. Verlag 
Carl Gerold’s Sohn, Wien. 1958, 72 pp. 45 + 6 tables, 2 figs. DM 6.30. 


DR. EHRENDORFER of the Plant Breeding Institute, University of Agriculture. 
Vienna, has treated in this booklet the methods used in Experimental Design and 
Statistics in a simple way and on the basis of many examples. 


European Potato Journal. Wageningen. Vol. 1, no. 1, 1958, 80 pp. 


The European Association for Potato Research (Secr. Dr. D. E. VAN DER ZAAG, 
Postbox 20, Wageningen, The Netherlands) aims at promoting the exchange of scien- 
tific and general information relating to all phases of the potato-industry between 
various countries. The new association will publish the European Potato Journal on the 
same general lines of the American Potato Journal. Each volume per year consists of 
four issues and contains at least 240 pp. The articles will be written in English, French 
or German. The subscription is 25 Dutch guilders. 

The first issue contains, among other things, articles on the significance of wild 
species for potato breeding, the potato breeding programme in Denmark, assessment 
of the resistance of potato varieties to common scab. The other 6 articles illustrate the 
broad and interesting field of the new potato journal. 


Kuckuck, H., Pflanzenzüchtung IL. Spezielle Gartenbauliche Pflanzenzüchtung 
(Züchtung von Gemüse, Obst und Blumen). Berlin. Sammlung Göschen 1178/1178a, 
1957, 178 pp. 27 figs. DM. 4.80. | 


The 3rd ed. of KucKUCK’s Pflanzenzüchtung 1 Grundzüge der Pflanzenzüchtung, 
132 pp, appeared in 1952. Now a 2nd volume has appeared, dealing with the breeding 
of vegetables, fruit crops, flower plants and ornamental plants. After a general review 
of the breeding methods for these groups of plants the author gives details on the 
breeding of specific horticultural crops. Many breeding procedures have been included. 
It is an attractive booklet of pocket-size. 


LARSEN, C. SYRACH, Genetics in Silviculture. (Translated by MARK L. ANDERSON.) 
Oliver and Boyd, Edinburgh and London. 1956, 224 pp, 70 figs. 30/— 


A description is given of the progress in genetics of sylviculture in the past quarter 
of a century. This richly and well illustrated book will rouse an interest in tree-breeding. 
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Breeders of agricultural and horticultural crops also may profit from the clear way in 
which the subject has been treated. 


LEEMANS, J. A. and NANNINGA, E. T., Raspberry varieties. Wageningen. Instituut 
voor de Veredeling van Tuinbouwgewassen. Rasbeschrijvingen 2, 1957, 140 pp., 139 
ties. Hi. 25 


This monograph gives a morphological classification of raspberry varieties (Ribes 
idaeus-vulgatus and -strigosus); 60 varieties have been illustrated in detail and fully 
described. The excellent photographs give a clear idea of the distinctive characters. 

The first part is devoted to a discussion and interpretation of the morphological 
characters. A determination key (dichotome system) permits a ready indentification of 
unknown varieties. 

In most cases the breeders have been mentioned, and also the parentage of the va- 
rieties and the year of introduction. 


Moderne Methoden der Pflanzenzüchtung. D.L.G. Verlags GmbH, Frankfurt am 
Main. Arbeiten der D.L.G. 44, 1957, 132 pp., 46 figs. DM. 8.90. 


In recent years much and important progress has been made in plant breeding. How- 
ever, methods are increasingly becoming more intrizate and claim a profound study for 
understanding them. 

The above mentioned work expresses this important progress in summarizing a 
series of lectures read for a course in plant breeding organized by the D.L.G. (German 
Agricultural Society). Among others, it contains the following chapters: Develop- 
mental physiology and plant breeding; Quality problems in breeding wheat and 
brewing barley; Principles and simplified methods of heterosis breeding; The present 
status of mutation research and its significance for practical plant breeding; Methods 
of field experimentation. 


MUDRa, A, Statistische Methoden für Landwirtschaftliche Versuche. Paul Parey, 
Berlin und Hamburg. 1958, 344 pp., 38 figs. DM. 58.60. 


The first part is devoted to the principles of statistical methods. Then a survey is 
given of the distributions which constitute the basis for the statistical assessment of the 
experimental results. Further the methods of statistical treatment and testing of expe- 
rimental results are mentioned. 

The second part describes how experiments are designed correctly, how with a 
minimum of means and efforts a maximum of practical and useful information can be 
gained. In an appendix statistical tables are given which are indispensable in evaluating 
the trials. 

The author has taken great pains to treat the difficult subject in a clear way. 


RICHHARIA, R. H., Plant Breeding and Genetics in India. Vol. IL. Patna. 1957, 410 
pp, 23 pl. Rs. 18/12/—, $ 4.00 or 30/- Sh. 


The present edition is about the same as the first which appeared in 1945. For fo- 
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reign workers this textbook will be of interest since it gives a description of the work 
done in India on plant breeding and genetics (cereals, oilseeds, millets, beans, pulses, 
fibre plants, grasses, fodder crops, fruit crops, vegetables, sugar cane‚ drugs, spices, 
condiments and medicinal plants. 

In a second volume (II) the work carried out after 1945 will be treated. 


MÜNTzING, Arne, Vererbungslehre. Methoden und Resultate. Gustav Fischer 
Verlag, Stuttgart. 1958, 303 pp., 194 figs., DM 42 —. 


_ MÜNTZING'’s handbook appeared in 1953 and was published in the Swedish 
language. DITER VON WETTSTEIN translated it into German and thus has made it 
accessible for a wider circle of readers. 

In clear examples the author has succeeded in giving an insight in general plant 
breeding. As plant breeding in Sweden has achieved notable results, everyone will 
be anxious to consult this book and enjoy its clear wording and expression. Great 
care has been bestowed to illustrations. 
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AMERICAN-DUTCH-BRITISH COOPERATION IN SUGAR BEET BREEDING 


Since modern plant breeding is more and more faced with difficult problems, the search for coopera- 
tion between research workers of private breeding establishments is welcomed in several countries. In 
what follows a case of such a cooperation is mentioned. 


The Royal Breeding Station and Seed Firm D. J. van der Have Ltd, Kapelle-Biezelinge, Holland, 
has recently entered upon an agreement with The Great Western Sugar Company, Denver, Colorado, 
U.S.A. This agreement associates the research departments of the two firms and is related to beet 
breeding. 

D.J. van der Have Ltd. was founded in 1879 and since 1920 has been engaged in the beet seed trade; 
during the last five years they have cooperated successfully with an English firm, The British Pedigree 
Sugar Beet Seed Co. Ltd. 

The Great Western produces the largest quantity of beet sugar in the U.S.A. ; it manufactures the 
produce from more than 100,000 ha sugar beet annually, i.e. almost double the area under beet in the 
Netherlands and 25 % of the total sugar beet area in the U.S.A. 

This international cooperation may be important for Dutch agriculture in so far as Dutch industries 
in the near future may benefit from the American advances in this field, in particular because at present 
sugar content, disease resistance and sugar production are in the limelight. On the other hand the sugar 
beet growers in the U.S.A. are eager to know more about European progress made in the field of 
polyploidy. This year D. J. van der Have Ltd. have produced hybrid sugar beet with about 100 % 
triploids. 

Apart from a beet with a high sugar production, the keenest desire of the Dutch farmer is the crea- 
tion of monogerm beet seed which will enable him to mechanize cultivation entirely. This year mono- 
germ triploid seed has been distributed for trials in the Netherlands and we are confident that this 
Dutch-American-British cooperation will make it possible to realize a quicker application in practice. 


IR. C. KOOPMAN, DIRECTOR OF THE BREEDING STATION C.B. AT HOOFDDORP (NEAR AMSTERDAM), SUC- 
CEEDED BY DR. C. MASTENBROEK 


Ir. C. KooPMaAN, Director of the Breeding Station C.B. at Hoofddorp, retired on January 1, 1958. In 
a farewell-reception on 27th January, Prot. Dr. J. C. Dorst voiced the feelings of many breeders and 
research workers present at the meeting by expressing his appreciation for the work done in behalf of 
plant breeding and sympathy for his personality. 

Ir. KooPMAN, in his thanks, said that he has settled at Bennekom (near Wageningen) and from there 
hopes to keep up contacts with the Agricultural Centre Wageningen. 

Dr. C. MASTENBROEK, a co-worker of Ir. KOOPMAN, was appointed Director of the Breeding Station 
C.B., as from January 1, 1958. 


HONORARY GRADUATION OF PROF. IR. A. G. DUMON 


On the occasion of the 40th Dies-celebration, of the Agricultural University at Wageningen which 
was held on the 10th of March 1958, an honorary doctorate was conferred on Prof. Ir. A. G. DUMON, 
Professor of Plant breeding at Leuven (Belgium) and Director of the Breeding Station at Heverlee, 
near Leuven. 

In his judicium, Prof. Dr. J. C. Dorsr, as professor presenting the graduating ceremony, pictured 
the life and work of the promovendus in an excellent way. Both this speech and the bright thanks- 
giving of the honorary doctor will long be remembered by the numerous audience. 

Prof. Dorst especially called attention to the important results obtained by Prof. DUMON, with 
relatively simple means, in his work with agricultural and horticultural crops. His winter wheat Alba 
was widely grown in the Netherlands. He was a pioneer in the field of producing hybrid-lines in poul- 
try breeding. 

Prof. Dr. A. G. DUMON in his thanks mentioned the many contacts with Wageningen as a centre of 
Agricultural Science and with the Dutch breeders in particular. He concluded his good wishes with 
“Agricultural University Wageningen vivat, crescat, floreat”. 
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Fis. 1. Honorary graduation of Prof. Ir. A. G. DUMON. Prof. Dr. J. C. Dorst (left) presenting 
the diploma of doctor honoris causa to Prof. Dr. A. G. DUMON (right). In the centre the 
Chancellor of the Agricultural University at Wageningen, Prof. Ir. W. DE JONG. 


COMMONWEALTH BUREAU OF PLANT BREEDING 
AND GENETICS 
SCHOOL OF AGRICULTURE, CAMBRIDGE, ENGLAND 


Information on all topics concerned with 
the improvement of economic plants and 
microorganisms, in particular the methods 
and achievements of crop breeding, field 
trials, new varieties and strains, genetics, 
cytology and applied statistics is given 
regularly in the journal 


PLANT BREEDING 
ABSTRACTS 


COMPILED FROM WORLD LITERATURE 


Each volume contains four to five thousand. 

abstracts from articles and reports in 

thirty to forty different languages, also 

reviews of new books and notices of new 
journals. 


Subscription rate: 70 s. or $ 9.80 per volume (including indexes) 
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Order through booksellers or to 


COMMONWEALTH AGRICULTURAL BUREAUX 
CENTRAL SALES BRANCH, FARNHAM ROYAL, SLOUGH, 
ENGLAND 


Netherlands Journal 
of Agricultural Science 


Quarterly Journal edited by: 
KONINKLIJK GENOOTSCHAP VOOR LANDBOUW WETENSCHAP 


(Royal Netherlands Society for Agricultural Science) 


Some papers published in Volume IV (1956) and V (1957) or forthcoming 
in Volume VI (1958): 


Proceedings of the informal meeting on physics in agriculture, 
Wageningen, 1955 
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